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Although I quickly formulated my problem statement, the start of my thesis was far from 
easy. On several occasions, I was looking at my computer monitor without writing anything. 
Due to several reasons, I got stuck several times. I would really like to thank my first 
supervisor dr. Kees Gelderman for helping me in these moments. You gave helpful advice 
and made perfectly clear which parts where insufficient. I know I am stubborn and that 
certain feedback was hard for me to accept. However, in the end, I thank you for your 
patience. Your feedback and advice made my thesis so much better. 
In addition, the support and faith of my previous and current employee are worth a lot to me. 
There were too many “major life events” to stick to the original plan of finishing my master 
study within three years. I thank my current company for their patience. 
Finally, I would like to thank the people close to me. At first my mom, dad and stepmother for 
their constant support. However, the biggest acknowledgments are for my wife. At first for 
her grammar and spelling checks, but mainly for your patience and support. It was not 
always easy to find time for my study, especially after the birth of our daughter.   
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Summary 
Problem statement 
Projects have become larger, more complex, less specified and riskier for contractors. Risk 
reduction by contractors leads to buying goods and services from subcontractors, which can 
be up to 90% of the project turnover (Bemelmans, Voordijk, & Vos, 2012; Bemelmans, 
Voordijk, Vos, & Buter, 2012; Hartmann & Caerteling, 2010). At the end, clients force 
contractors to integrate. But also contractors themselves want to integrate, as integration in 
project-based supply chains can have positive effects on firm performance, such as 
customer service, operations, finance, and profits (Eriksson, 2015; Leuschner, Rogers, & 
Charvet, 2013). However, most prior supply chain integration (SCI) studies were concerned 
with continuous exchanges in manufacturing industries (Briscoe & Dainty, 2005; Eriksson, 
2015; Martinsuo & Ahola, 2010), leaving a lack of knowledge on a systematic understanding 
of integration in project-based supply chains (Eriksson, 2015). The project-based industry 
(for example the construction industry) is a non-continuous environment where the main 
contractor is contracting suppliers from project to project.  
 
Supply chain integration (SCI) can only be properly conceptualized and implemented if it is 
adapted to specific business conditions. SCI methods within manufacturing industries are 
therefore not automatically suitable for project-based industries (Eriksson, 2015; Martinsuo & 
Ahola, 2010). In accordance with Eriksson (2015), this study will distinguish between the 
dimensions of integration (i.e. strength, scope, duration, and depth) investigating the impact 
of SCI on firm performance. In addition, this research will investigate how these specific SCI 
dimensions interact in project-based supply chains (Eriksson, 2015). As there is a need for 
SCI research in project-based industries with an industry specific concept of SCI, the aim of 
this study is to gain insight and knowledge about the impact of integration dimensions on firm 
performance in buyer-supplier relationships and what the interdependencies are between 
these dimensions. The problem statement of this study is: 
 
What are the interdependencies between supply chain integration dimensions (i.e. strength, 
scope, duration and depth) and what is the impact of these dimensions on firm performance? 
 
Research method 
A conceptual model with 4 main hypotheses were the outcome of our literature review. The 
hypotheses were tested with survey data from a self-administered online questionnaire. We 
asked the opinion of 499 professionals working in the project-based construction industry 
which resulted in an effective response of 24.9% (n=124). 
 
Results 
After the reliability analyses, we performed a regressions analyses in SPSS. Significance 
was tested at a 95% reliability level. A stepwise multiple linear regression analysis shows 
that 15.2% of the variance in the dependent variable firm performance can be explained by 
the independent variables scope of internal integration and customer depth of integration. 
This means on the one hand that the performance of the focal company will increase if there 
are people from multiple hierarchical levels involved in the integration activities with 
customers. On the other hand, it means that integration within a firm will increase the 
performance of a firm.  
 
We also performed four standard linear regression analysis for hypotheses within the SCI 
model. The scope of supplier integration can for 14.4% be explained with the scope of 
internal integration and the scope of customer integration can for 20.4% be explained by 
internal integration. This means that the higher the level of integration within the focal 
company, the higher the level of integration between the focal company and its suppliers and 
customers. 
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Supplier relational integration can for 5.9% be explained with supplier informational 
integration and customer relational integration can for 4.0% be explained with customer 
informational integration. This means that integration at a relational level of a focal company 
with suppliers and customer first needs to undergo integration at the informational level.  
 
Recommendations 
There are several recommendations for practitioners. First, the results demonstrate that 
practitioners in the construction industry should focus on internal integration activities to 
increase the performance of their firm. It is important that companies avoid internal barriers 
between departments, projects or other structures. Connecting people, processes and 
activities will, in the end, increase the financial health of a company. By integrating internally, 
integration with suppliers and customers is possible.  
 
Integration goes in steps. Companies first need to integrate on an informational level and 
then on a relational basis. Integration cannot immediately be relational or strategically. 
Companies first need to know each other, exchange information, buy a sample, go through a 
prequalification or pass a quality check before the relationship can go on to a higher level. 
People from all hierarchical levels should be involved in the integration activities and 
especially for integration with clients. People from all hierarchical levels freely need to 
communicate and integrate with their counterparties because in the end it will improve the 
performance of their company. 
 
The last recommendation for practitioners is that SCI cannot be avoided in the construction 
industry. On the one hand, customers encourage integration with the use of integrated 
contract-forms and on the other hand, contractors can have a substantial performance boost 
by incorporating SCI practices.  
 
Some limitations lead to recommendations for further research. This is the first SCI research 
in the project-based construction industry including a quantitative analyses of the SCI 
dimensions depth and duration. We therefore encourage academics to investigate SCI 
dimensions in the construction industry in general. The results shows that breaking down the 
strength, depth and duration of integration, with a supplier as well as a customer provides 
interesting details. We therefore encourage scholars to continue with this approach, as 
relationships with customers and supplier are different. We have not made any difference 
between subcontractors or vendors in this study. Arantes, Ferreira, and Costa (2015) state 
that the relationship with subcontractors and vendors are different. It could therefore be an 
interesting idea to investigate how the SCI dimensions and firm performance react to further 
separation on the supplier side of the supply chain. A construction company only does 
projects and the sum of the project performances is the performance of the firm. Additionally, 
we cannot say which projects have a high performance and which have not. It would also be 
interesting to see how the SCI dimensions response to typical high performance and typical 
low performance projects. 
 
As already stated in the discussion it could well be that certain SCI dimensions will offer 
significant results if other scholars will add operational and relational performance besides 
business (financial) performance. Some other interesting information that is missing in this 
study lies in the control variables of this study. It could for example be interesting to see 
which proportion of the contract-forms are integration or traditional contract forms. In 
addition, the opinion of respondents regarding the focus of the company on SCI would be 
interesting. It could well be that some respondents only work on projects with integrated 
contract-forms and others only on conventional projects. Professionals working for 
companies with a high focus on SCI will response different to questions compared to those 
who have never heard of SCI. Both of these aspects influence their opinion and may skew 
results concerning the interaction of the SCI dimensions.  
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1 Introduction 
 
1.1 Problem statement 
With a gross demand product (GDP) of seven percent the construction industry plays a 
significant role in most OECD (Organization for Economic Cooperation and Development) 
countries (Eriksson & Pesämaa, 2013). Both public and private institutes have recently 
shifted project responsibilities from client to contractor. This means for main contractors that 
projects have become larger, more complex, less specified and riskier. Due to this, main 
contractors try to lower their risk by buying goods and services at subcontractors, which can 
be up to 90% of the project turnover (Bemelmans, Voordijk, & Vos, 2012; Bemelmans, 
Voordijk, Vos, et al., 2012; Hartmann & Caerteling, 2010). Partnering in project-based supply 
chain literature is the same integration (Briscoe & Dainty, 2005; Eriksson, 2015; Hartmann & 
Caerteling, 2010; Saad, Jones, & James, 2002). Partnering in project-based supply chains 
can have positive effects on firm performance, such as customer service, operations, 
finance, and profits (Eriksson, 2015; Leuschner et al., 2013). This study will use firm 
performance as the dependent variable for measuring integration in buyer-supplier 
relationships (Barnes, Naude, & Michell, 2007; Eriksson & Pesämaa, 2013; Heide & John, 
1990). 
However, most prior supply chain integration (SCI) studies had he continuous exchanges in 
manufacturing industries as focus (Briscoe & Dainty, 2005; Eriksson, 2015; Martinsuo & 
Ahola, 2010), leaving a lack of knowledge on a systematic understanding of integration in 
project-based supply chains (Eriksson, 2015). The project-based industry (for example the 
construction industry) is a non-continuous environment where the main contractor is 
contracting suppliers from project to project.  
 
In recent decades, scholars and practitioners have increasingly focused on SCI (Bemelmans, 
Voordijk, & Vos, 2012; Kamal & Irani, 2014). Although many studies have indicated that SCI 
is likely to improve various performance aspects (Cao & Zhang, 2011; Flynn, Huo, & Zhao, 
2010; Frohlich & Westbrook, 2001; Huo, 2012), literature reviews have reported mixed 
findings on the relationship between SCI and performance (Fabbe-Costes & Jahre, 2007; 
van der Vaart & van Donk, 2008). These mixed findings are partly because many studies 
treated SCI as a one-dimensional construct, while recent studies have stressed that SCI is a 
multi-dimensional construct (Fabbe-Costes & Jahre, 2007; Vallet-Bellmunt & Rivera-Torres, 
2013). Another reason for the mixed findings on SCI effectiveness is the lack of consistency 
in business conditions of the various studies (Eriksson, 2015). Many business conditions 
have to be taken into account in studies that intend to determine the impact of SCI on 
performance. Both the level of SCI as the type of integration will moderate the impact of SCI 
on performance (Kaufmann & Carter, 2006). Demand uncertainty, product variety, and the 
decoupling point are other business conditions with varying impacts on the effects of SCI 
(Eriksson, 2015; van der Vaart & van Donk, 2006). SCI can only be properly conceptualized 
and implemented if it is adapted to specific business conditions. SCI methods within 
manufacturing industries are therefore not automatically suitable for project-based industries 
(Eriksson, 2015; Martinsuo & Ahola, 2010). 
 
Supply chains of project-based industries differ from the uninterrupted and secure 
manufacturing industries on the following factors: high complexity and uncertainty; the short 
site configuration managed by temporary supply chain network; a high customer influence on 
the final product; process fragmentation; a complex network of stakeholders, which involves 
multiple organizations and relationships; low transaction frequency; and the uniqueness of 
the projects (Aloini, Dulmin, Mininno, & Ponticelli, 2014; Eriksson, 2015). 
 
In this study, a number of gaps has been identified in the current body of knowledge on SCI 
in the construction industry that is characterized by project-based supply chains. In 
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accordance with Eriksson (2015), this study will distinguish between the dimensions of 
integration (i.e. strength, scope, duration, and depth) investigating the impact of SCI on firm 
performance. In addition, this research will investigate how these specific SCI dimensions 
interact in project-based supply chains (Eriksson, 2015). As there is a need for SCI research 
in project-based industries with an industry specific concept of SCI, the aim of this study is to 
gain insight and knowledge about the impact of integration dimensions on firm performance 
in buyer-supplier relationships and what the interdependencies are between these 
dimensions. The problem statement of this study is: 
 
What are the interdependencies between supply chain integration dimensions (i.e. strength, 
scope, duration and depth) and what is the impact of these dimensions on firm performance? 
 
1.2 Research method 
This research started with a comprehensive study of literature. The outcome of the literature 
review are hypotheses and a conceptual model. Professionals working in the project-based 
construction industry answered questions as part of a survey to test the hypotheses. 
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2 Literature review 
This section develops the theoretical framework that serves as the basis for this study. 
Insights from various streams of research such as; project marketing and systems selling 
(Aspara, Hietanen, Mattila, Sihvonen, & Tikkanen, 2013; Cova & Salle, 2007; Skaates, 
Tikkanen, & Lindblom, 2002), project (management) literature (Cox & Thompson, 1997; Patil 
& Waghmare, 2014; Turner & Müller, 2003; Turner & Simister, 2001), construction(Behera, 
Mohanty, & Prakash, 2015; Fearne & Fowler, 2006; Ngowi, Pienaar, Talukhaba, & Mbachu, 
2005), SCI (Flynn et al., 2010; Frohlich & Westbrook, 2001; Kaufmann & Carter, 2006; 
Leuschner et al., 2013; Swink, Narasimhan, & Wang, 2007) and SCI within the construction 
industry that is often called partnering (Bygballe et al., 2010; Eriksson, 2015; Jacobsson & 
Roth, 2014; Martinsuo & Ahola, 2010) are being used in this research. 
 
Section 2.1 provides a review of what the construction industry is. The characteristics of the 
construction industry and the unique project approach are the starting point. The 
development of the industry in subsection 2.1.2 provides a solid basis for our further 
research in firm performance and SCI. Subsection 2.1.3 describes why clients force 
integration for contractors. Readers who are familiar with the characteristics and 
development of the construction industry and project based approaches can start reading 
from section 2.2. This section describes firm performance, the dependent variable in this 
research. This section explains what the advantages for companies are to invest in 
integration as it increases firm performance. Section 2.3 describes the SCI dimensions. This 
paragraph contains the build-up process based on gathered literature to formulate 
hypotheses. The literature is completed by presenting a conceptual model in section 2.4 as a 
starting point for the empirical part of this study. 
 
2.1 Construction Industry 
According to (Eccles, 1981) construction can be defined as: 
The erection, maintenance, and repair of immobile structures, the 
demolition of existing structures, and land development.  
The construction industry consist of millions of companies all over the world, specialist 
freelancers, power plant contractors, residential plumbers and multi-billion dollar contractors 
working for oil & gas producers to just name some. 
Behera et al. (2015) separated the construction industry in two parts; a heavy construction 
horizontal supply chain model and a light construction vertical model. Apartments buildings, 
elementary schools, hospitals, office building, et cetera are projects that are categories under 
the light construction vertical supply chain model. A separation between design and 
construction contracts done by different companies is common. The construction part is 
divided in disciplinary packages like mechanical, civil, electrical, et cetera. Different 
companies under different contracts execute a package of the work. The contractors working 
in this area are often small, local and have a low engineering focus. Construction projects in 
the heavy construction horizontal supply chain model are projects like dams, bridges, 
highways, petro(chemical) refineries, power plants, wind mill parks, et cetera. These projects 
are highly complicated and require the highest level of technical, financial and managerial 
expertise. Contractors working on these type of projects have high levels of engineering 
expertise and work globally. Engineering, Procurement and Construction (EPC) contracts is 
a widely recognized contract-form in this category. In an EPC project, the main contractor 
had the sole responsibility for the project. Price, quality and schedule are fixed from the 
beginning of the project (Ishii, Takano, & Muraki, 2014).  
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2.1.1 Characteristics of and differences between a project and the process based 
industry 
The construction industry is a “pull” orientated project-based industry (Behera et al., 2015). 
Construction companies work on projects in different locations over the world for a specific 
period of time. A widely accepted definition of what a project is, is provided by Turner and 
Müller (2003) as: 
A project is an endeavor in which human, material and financial resources 
are organized in a novel way, to undertake a unique scope of work; of 
given specification, within constraints of cost and time, so as to achieve 
beneficial change defined by quantitative and qualitative objectives. 
As most of the performed research on SCI is done in “push” orientated process based 
industries (like the manufacturing industry) the next paragraphs will highlight the 
characteristics and differences between the construction industry and manufacturing industry 
(Briscoe & Dainty, 2005; Eriksson, 2015; Martinsuo & Ahola, 2010). 
 
Projects differs from manufacturing on many characteristics. Projects have a high 
uncertainty, are complex, have a temporary character, a high influence from the customer, a 
fragmented process, a complex network of stakeholders, a low transaction frequency and are 
always unique. 
 
2.1.1.1 Uncertainty and complexity 
At first projects are more complex and have a much higher uncertainty than manufacturing 
(Meng, 2013). This is because there is a fragmented supply chain structure, a temporary 
trading relationship, poor information flows and a high level of dependency between tasks 
and activities – which can be seen as the key distinction between a project and 
manufacturing (Fearne & Fowler, 2006). Days or weeks are the measurement length for 
activities in construction, while in manufacturing minutes or hours are common. A single 
activity in construction often has multiple successors and predecessors, which makes 
projects a complex network of linked activities, while manufacturing is like a process going 
from one-step into the other. In a project-based environment, a task has multiple conditions 
that need to be done at the same time to be able to finish. Fearne and Fowler (2006) 
describe nine inputs to finish a single task within the construction industry: 
1. output from preceding task; 
2. materials; 
3. labour; 
4. plant; 
5. information – what is needed to be done; 
6. space – as in how area and space in which to work; 
7. method – as in how the works is to be done; 
8. permissions – in terms of planning, building regulation and statutory authority 
approvals; and 
9. environment – as in weather conditions. 
 
If all nine inputs have a probability of occurrence of 97 percent, the successful task 
completion probability is only 76 percent. Projects normally have a complex network of linked 
tasks and activities. The tasks and activities that lie in the critical path of a project have no 
time buffer and have an immediate impact on the projects timeframe. Managers must 
carefully manage these tasks and activities. Due to the nature of these linked tasks and 
activities there is a risk of delay and uncertainty (Turner & Müller, 2003). Projects are 
complex as there is no simple or logical explanation for delays, variations, budget problems, 
et cetera. 
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2.1.1.2 Temporary character 
Where manufacturing is an ongoing process, a project has a temporary character. It is a 
temporary organization within the normal organization. The project manager is responsible 
for the project and tells what project members need to do. How to do the work needs to be 
done is written down in department procedures and falls under the responsibility of 
(discipline) department heads. As to the nature of this matrix type of organization, there is a 
conflict of interests (Turner & Müller, 2003).  
 
2.1.1.3 Customer influence 
A construction company can only work on a project if a client is awarding the construction 
company with a contract (project). It is a pull and not a push market. In manufacturing, a 
company makes a product and places inventory at a point of sale. Within the nature of a pull 
market the construction companies are responsive and have less influence on a project 
compared to a product in a push market (Skjott-Larsen, B. Schary, H. Mikkola, & Kotzab, 
2007). The customer will tell the contractor, according to contractual specifications, what 
must be executed. Even if the construction company is doing engineering work for the 
project, functional specifications are part of the contract. But even these days most 
contractors still have to face the fact that the detailed design documents are prepared by the 
client and their consultants (Pesämaa, Eriksson, & Hair, 2009). But this is changing, as more 
clients choose for design and build (integrated) contracts and partnering arrangements 
instead of conventional contracts (Saad et al., 2002). 
 
2.1.1.4 Process fragmentation 
Baiden, Price, and Dainty (2006) state that within a project the process fragmentation is 
rather high. A significant reason for this is the separation of the design and construction 
phase, done by different teams or companies (in some projects and contract-forms). These 
different teams and companies have sub optimist goals within one project that often are in 
conflict with each other. During the design and construction phase, different companies work 
on one project. The uniqueness of a project will force main contractors to contract 
subcontractors and supplier that are specialists in a specific area (Martinsuo & Ahola, 2010). 
In addition, design changes and unnecessary liability claims make the process in projects 
even more fragmented.  
 
2.1.1.5 Network of stakeholders 
A typical construction supply chain model made by Xue, Li, Shen, and Wang (2005) is 
illustrated below in figure 1. GC stand for general contractor and is the central point (of the 
supply chain) of a construction project. The owner and the designer / consultant (sometimes 
part of the general contractor) are the other two main partners in the chain.  
 
 
Figure 1: Construction supply chain, from Xue et al. (2005) 
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As illustrated in figure 1, one single project can have a large network of stakeholders (Meng, 
2013). Within one project, there are flows of materials, fund and information going to 
suppliers, subcontractors, designers, et cetera. These companies can be located in different 
countries and time zones, making it a complex job for a project manager to manage and 
control their project. Beside this, a project-orientated company is most likely working on more 
than one project at a time. With this in mind the amount of stakeholders on company level 
are larger than at the level of a single project. 
 
2.1.1.6 Transaction frequency 
The transaction frequency of projects is low (Cox & Thompson, 1997). The bidding process 
of a project makes this clear. As Patil and Waghmare (2014) describes, clients write there 
specifications for a new project down in a document called “invitation to bid (ITB)”. Clients do 
this with or without the support of a third party consultant. After a few weeks to months, the 
ITB can be placed in “the market”. Sales managers working for contractors distribute the ITB 
within the construction company and the proposal phase is starting. To make a proper 
proposal contractors involve subcontractors and supplier (Laryea, 2009). After a few weeks, 
contractors present their bid to the client and one contractor is rewarded with the project 
execution. 
 
2.1.1.7 Uniqueness 
Every project in terms of financial, technical and socio-political terms as well as the process 
that is undertaken to complete a project is unique (Skaates et al., 2002; Turner & Müller, 
2003). A product is in most cases the same, but a project is different, as it needs to be 
adapted to specific conditions. For example: climate, current plant design, governmental 
regulations and most important client specifications (Aspara et al., 2013). Finished projects 
can therefore not be replicated, something that is possible in the manufacturing industry 
(Aspara et al., 2013). 
As projects are unique by themselves the (supply chain of) companies that are working on 
one project will most probably not be the same in the next project as companies in 
construction will focus on their core competence and integrate with supplier and 
subcontractors (Martinsuo & Ahola, 2010). 
 
2.1.2 Development of the construction industry 
Ngowi et al. (2005) provided a broad overview of the development of the construction 
industry and begins by saying that in the ancient world the only construction needs were 
shelters and settlements made from stone, mud and other forest materials. Construction in 
these days relies on environmental resources of the land, climate and collective local skills. 
The Romans were the first to develop a remarkable infrastructure as well as buildings from 
stone and marble. The first century of the industrial revolution was not the start of significant 
innovation in the construction industry as many people would think. It was the 19th century 
where construction materials like cast iron, wrought iron, steel, cement and reinforced 
concrete emerged and enabled the construction of bridges and railways. More efficient 
construction methods appeared due to the housing needs after world war one and two under 
the name “Construction Industrialization”. Examples of these construction methods are slip-
forms, prefabrication, frameworks, prestressing and modular construction (Doran & 
Giannakis, 2011). The globalization of construction at first started with the finding of large oil 
and gas fields in the Middle East. A second route to the internalization of construction is the 
introduction of bilateral and multilateral trade agreements between countries. A third and last 
shift to a more globalized construction market comes from the execution of large 
infrastructural projects like the Suez Canal, Panama Canal, Hong Kong Airport, Channel 
Tunnel and the Three Gorges Dam in China.  
With a gross demand product (GDP) of seven percent, the construction industry nowadays 
plays a significant role in most OECD (Organization for Economic Cooperation and 
Development) countries (Eriksson & Pesämaa, 2013). It provides wealth and a higher quality 
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of life. A country can simply not grow if there is no infrastructure build to spur the economy 
(Ibrahim, Roy, Ahmed, & Imtiaz, 2010). Within the current world, there are very large 
international construction companies. Some companies have more than 100.000 people 
under contract and are making billions of euros per year as turnover. 
 
2.1.2.1 Shift of responsibilities and an increased integration 
Over the whole construction industry a shift of responsibilities is noticeable (Jacobsson & 
Wilson, 2014). Clients in both public and private sectors have recently shifted project 
responsibilities from themselves to contractors. The figure below illustrates how the 
responsibilities have changed. In the past, most contracts were pure construction works. The 
new and upcoming integrated contracts involve the contractor at an earlier project stage. 
 
 
Figure 2: New contract forms and changing responsibilities (from Bemelmans (2012) 
 
Because of the extended project scope for contractors, projects have become larger, more 
complex, less specified and riskier. A consequence of this increased responsibility is that 
contractors are buying goods and service from supplier and subcontractors. These bought 
parts of the project can be up to 90% of the project turnover, especially in projects were a 
high level of specialization is required (Bemelmans, Voordijk, & Vos, 2012; Bemelmans, 
Voordijk, Vos, et al., 2012; Eccles, 1981; Hartmann & Caerteling, 2010; Motiar Rahman & 
Kumaraswamy, 2005). There are several reasons for contractors to subcontract portions of 
the project. Arditi and Chotibhongs (2005) describe that the main reason for subcontracting is 
that main contractors try to lower their risk. The risk that skilled craftsmen and specialist’s 
machinery are unused is higher and cost more money than placing an order at a 
subcontractor. With this, a main contractor is more flexible and can focus on his own core 
competences: the management, engineering, procurement and supervision of the project.  
 
In a traditional contract, the only focus of the client is to buy as cheap as possible. However, 
with the growing number of integrated contracts, clients are looking to receive the best value 
for their money. Besides price, aspects like quality, experience, delivery time, safety records 
and many other aspects are important. Due to the extended scope of integrated contracts, 
(but also to understand the client’s needs and not only to execute a project as cheap as 
possible) contractors are integrating with their clients. Main contractors can only fulfill these 
criteria by more integration with their supplier and subcontractors. As the bought turnover 
from suppliers and subcontractors can be up to 90%, a contractor cannot can only buy cheap 
and use arm-length relationships. Contractors needs to use the same or partly the same 
criteria to contract supplier and subcontractors (Motiar Rahman & Kumaraswamy, 2005). A 
contractor needs to integrate his supply chain. 
 
Construction works and therefore projects within the construction industry rely on previous 
experiences and already established routines (Huemer, 2004; Huemer & Östergren, 2000). 
Construction is a stuck and inflexible industry. It is therefore interesting to understand why 
clients are shifting the responsibilities from themselves to contractors. 
 
2.1.2.2 Why clients give their responsibilities away 
The actual question that needs to be answered to know why client are giving their 
responsibilities away is the question why clients choose specific contract-forms. According to 
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Crespin-Mazet and Ghauri (2007) the characteristics project uncertainty, project complexity 
and project stakes are the underlining factors for a specific contract-form choice of a client. 
Uncertainty for a client is strongly connected to the development of specifications, the 
transaction method and the contractors ability to execute the project successful (Crespin-
Mazet & Ghauri, 2007). Clients that feel more uncertain tend to choose integrated contracts 
(Cova & Salle, 2007). If a client is not able to define his problems, needs and thus his 
specifications due to the perceived technical complexity of the project, he will look for experts 
like consultants, engineering firms and contractors who are best capable to fulfill the 
requirements to handle the complexity (Cova, Mazet, & Salle, 1994). In a situation with a 
high complexity, clients involve these experts in an early stage and prefer an integrated 
contract form (Crespin-Mazet & Ghauri, 2007; Turner & Simister, 2001). The impact that 
projects have on the client’s production process, activities and image is the level of stakes 
(Crespin-Mazet & Ghauri, 2007). The higher the level of stakes are, the higher the risk for the 
client and hence, the more willing the client is to share this risk with a contractor (Contractor 
& Lorange, 2002; Turner & Simister, 2001). 
 
With the ending of this section, it can be noticed that there is a shift towards more integration 
within construction supply chains from an external perspective (the client). The next section 
describes why integration is useful from a focal company internal perspective. 
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2.2 Firm performance  
SCI in relation to firm performance is widely studied by scholars (Cao & Zhang, 2011). 
Fabbe-Costes and Jahre (2007) could not conclude on a literature review of 19 papers if SCI 
improves firm performances as SCI in previous studies was unclearly defined and measured.  
van der Vaart and van Donk (2008) based a literature review on 33 survey-based studies as 
some studies raised doubt if SCI could improve firm performance. The 33 studies were 
mainly done in the automotive and food industry and found that there is little consensus 
between scholars on how to capture the essence of SC integration and how to measure SC 
integration on performance. The main hypothesis, the positive relationship between SCI and 
firm performance, are confirmed according to the authors. Nevertheless, this does not mean 
that more integration is typically useful. Both theoretical as well as empirical evidence reveals 
that business conditions influence and determine the optimum level of integration. A study 
based on a literature review of SCI studies between 1995 and 2009 done by Alfalla-Luque, 
Medina-Lopez, and Dey (2012) had as main purpose to identify SCI dimensions, variables of 
SCI and the development of an integrated framework for SCI. Based on the SCI dimensions 
and framework that came from 36 papers, the authors presented a proposition that SCI has 
positive effects on performance. Kim (2013) conducted another literature review on SCI and 
firm performance including 36 survey-based papers. At the suggestion of numerous 
researchers, the author based on a literature review of SCI studies between 1995 and 2009 
looked at internal, customer and supplier integration as constructs of SCI on firm 
performance. The main conclusions are that internal integration serves as a foundation for 
establishing external collaboration, supplier integration has a positive effect on performance 
and that customer integration on performance results are conflicting. Leuschner et al. (2013) 
made a meta-analysis based on 86 papers that have empirically researched the relationship 
between SCI and performance. The authors identified that there is a positive and significant 
relationship between SCI and firm performance, more integration leads to better 
performance. 
 
Firm performance is a multidimensional concept which can be studied in various ways, as 
illustrated in the figure below (Tseng & Liao, 2015). According to Fabbe-Costes and Jahre 
(2007) most studies used business and operational performance. But there are also other 
forms of performance noticable. Leuschner et al. (2013) adds relational performance in 
addition to the more commonly used business and operational performance. Relational 
performance is also described as customer-oriented performance (Leuschner et al., 2013). 
Part of relational performance are customer satisfaction, customer loyalty or customer 
service (van der Vaart & van Donk, 2008). Business performance is, in the majority of the 
previous SCI studies, a financial construct that is sometimes called financial performance. In 
line with previous research we will therefore see financial performance as business 
performance. Operational performance is the most used dimension of firm performance 
according to the meta-study of Leuschner et al. (2013). Operational performance consist of 
variables like delivery speed, delivery liability, percent defects, production costs, production 
lead team, inventory turns, et cetera. Operational performance is a construct that is clearly 
made to be used within the manufacturing industry. Relational performance only looks at the 
customer. As the focus of this research is the project-based construction industry and this 
research does not only focus on the relation with customers, we will only use business 
performance. 
 
 
Figure 3: Different constructs of firm performance 
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2.3 Supply chain integration   
According to Pagell (2004) in Bankvall, Bygballe, Dubois, and Jahre (2010) the entire 
concept of supply chain management (SCM) is predicated on integration. The purpose of 
SCM is to remove communication barriers and eliminate redundancies through coordinating, 
monitoring and controlling processes (Kaufman, 1997). The implementation of SCM in a 
global and competitive business environment is a prerequisite to stay ahead of competitors 
(Kamal & Irani, 2014). Supply chains of companies instead of single firms compete with each 
other (Lambert & Cooper, 2000). To compete as a supply chain, companies need to integrate 
with each other. SCI nowadays is a core component of a SCM strategy. SCI has positive 
effects on firm performance aspect as customer service, operations, finance, and profits 
(Eriksson, 2015; Leuschner et al., 2013). 
In line with this, Lambert and Cooper (2000) defined SCM in a contemporary way: 
Supply Chain Management is the integration of key business processes 
from end user through original suppliers that provides products, services, 
and information that add value for customers and other stakeholders. 
SCI is a multidimensional research area which is widely studied by academics and is seen as 
one of the most important aspects of SCM (Huo, 2012). Fine (1998) and Parnaby (1979) in 
the research of Kamal and Irani (2014) named SCI “the definitive fundamental competency of 
an organization” and “facilitator of winning business models”.  
 
2.3.1 Partnering 
At the very basic level partnering is a non-adversarial approach to procuring and engaging in 
construction projects (Swan & Khalfan, 2007). Presented in 1994, it should help to shift 
construction projects away from arm-length traditional procurement to relationship-based 
integrated contracts (Jacobsson & Wilson, 2014). Bygballe et al. (2010) conducted a 
literature review about partnering including 87 articles. The authors quoted the Construction 
Industry Institute’s (CII) for a definition of partnering, which is: 
A long-term commitment by two or more organizations for the purpose of 
achieving specific business objectives by maximizing the effectiveness of 
each participant’s resources. This requires changing traditional 
relationships to a shared culture without regard to organization boundaries. 
The relationship is based upon trust, dedication to common goals, and an 
understanding of each other’s individual expectations and values. Expected 
benefits include improved efficiency and cost-effectiveness, increased 
opportunity for innovation, and the continuous improvement of quality 
products and services. 
Noticeable from this definition is that partnering is almost the same as SCI. According to 
Eriksson (2015) SCI within construction is labeled as partnering and are in fact one and the 
same concept. Partnering includes mutual objective settings, workshops and dispute 
resolution; exactly what is visible in SCI research. Therefore, also other authors are treating 
partnering and SCI in project-based industries the same way (Briscoe & Dainty, 2005; 
Hartmann & Caerteling, 2010; Saad et al., 2002). Based on previous literature this research 
treats both concepts equal. 
 
2.3.2 Definition of SCI 
The integrating of supply chains as used in Power (2005) by Clancy is: 
… . attempting to elevate the linkages within each component of the chain, 
(to facilitate) better decision making [and] to get all the pieces of the chain 
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to interact in a more efficient way [and thus] . . . create supply chain 
visibility [and] identify bottlenecks. 
Not one consistent definition and conceptualization of SCI is available (Kim, 2013). 
According to Fabbe-Costes and Jahre (2007), who conducted a systematic review of 
quantitative research on SCI and performance, even this has resulted in conflicting findings.  
SCI can be seen as a formalized process that connects processes from one company to 
another. This perspective is derived from the transaction cost theory (TCT) that was for the 
first time introduced by Coase (1937). Producing something in-house will most probably 
mean higher production costs. Buying something from the market may mean higher 
transaction costs. The TCT helps organizations to make a make-or-buy decision based on 
the tradeoff between production and transaction costs. In line with the TCT, Integrating with 
other partners reduces the transaction costs and result in superior performance (Cao & 
Zhang, 2011; Kim, 2013). From this perspective SCI represents the exchange mechanism of 
resources and knowledge in a supply chain (Kim, 2013). 
SCI can also be seen as a routinized practice that is generated to share resources and 
information across internal departments or external organizations (Kim, 2013). It is about the 
flow of resources (RBV).  
Some other definitions of SCI emphasizes the flow of materials, flow of information, flow of 
cash, et cetera. These, together with the RBV of SCI and SCI as a formalized process all 
seem to fail as they do not consider the strategic nature of SCI (Flynn et al., 2010). With this 
known, this research follows and builds upon to the existing literature (Flynn et al., 2010; 
Frohlich & Westbrook, 2001; Kamal & Irani, 2014; Zhao, Huo, Flynn, & Yeung, 2008; Zhu, 
Zhao, Zhao, Jia, & Sun, 2008) of SCI which defines SCI as: 
Supply chain integration is the degree to which an organisation strategically 
collaborates with its SC partners and manages intra- and inter-organisation 
processes to achieve effective and efficient flow of products, services, 
information, money, and decisions, with the objective of providing 
maximum value to its customers. 
This definition looks at SCI from a performance-oriented point of view. There are also 
scholars like Huo (2012) who slightly adapt the above-mentioned definition of SCI.  
To get a clear overview for their meta-analysis on SCI and firm performance Leuschner et al. 
(2013) took a broader definition of SCI as it would otherwise not be possible to structure 
previous SCI literature in one framework. Their definition of SCI is: 
Supply chain integration is the scope and strength of linkages in supply 
chain processes across firms. 
Some authors studied SCI as a one-dimensional construct, while recent studies have 
stressed that SCI is a multi-dimensional construct (Fabbe-Costes & Jahre, 2007; Kim, 2013; 
Schoenherr & Swink, 2012; Vallet-Bellmunt & Rivera-Torres, 2013). The majority of the 
studies measured SCI with the dimensions strength and scope (Eriksson, 2015; Flynn et al., 
2010; Frohlich & Westbrook, 2001). The SCI dimensions strength and scope are widely used 
in the manufacturing industry. However, SCI can only be properly conceptualized and 
implemented if it is adapted to specific business conditions. SCI methods within 
manufacturing industries are therefore not automatically suitable for project-based industries 
(Eriksson, 2015; Martinsuo & Ahola, 2010). To make our framework suitable for project-
based industries we use the by Eriksson (2015) and Eriksson and Pesämaa (2013)  
proposed dimensions duration and depth in addition to the dimension strength and scope 
seem appropriate. Duration is a useful dimension of SCI in a project-based context, as 
projects have a low frequency of occurrence, the uniqueness of a project and the separation 
of the project into different stages performed by different companies (Crespin-Mazet & 
Ghauri, 2007; Eriksson, 2015; Martinsuo & Ahola, 2010). Eriksson (2015) detected in new 
product development (NPD) and engineering literature that in a project context a dimension 
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of depth is needed to see who is performing the integration activities. Our final definition of 
SCI within this research context (project-based industries) is: 
Supply chain integration is the scope, strength, duration and depth of 
linkages in supply chain processes across firms. 
To visualize the dimensions of SCI a graphical presentation is illustrated below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taking a closer look at the illustrated figure above tells us that one of the dimensions plays a 
larger role compared to the others. This dimension is the scope of integration dimension. 
That this dimension plays a more significant role becomes clear by describing two practical 
integration situation. Integration between a company and a supplier can only be placed under 
the supplier integration sub dimension of the scope of integration. The other SCI dimensions 
vary in this case. The strength of integration can be on a relational or information level. The 
depth of integration can vary. The duration of integration is never the same as the integration 
with a random supplier or customer. The same situation is noticeable if we look at the 
integration between a contractor and a client. Within the scope of integration, this situation 
can only be customer integration. The other dimensions vary. The value of the scope of 
integration can also be explained by taking a closer look at the other dimensions. The 
strength of integration can be at two levels. It is impossible to say that the focal company has 
a certain strength of integration. The strength of integration can only be given to a 
relationship between a focal company and a supplier or customer. The strength of integration 
with a supplier can be different compared to that of a customer. The same logic is applicable 
to the duration and depth of integration. This all depends on the situation, what viewpoint is 
taken; that of the supplier or that of the customer. Because the scope of integration is fixed, 
the other dimensions need a situation specific separation. The strength, duration and depth 
of integration dimensions and sub-dimensions will be broken down based on the scope of 
integration as described in the next paragraphs. 
 
2.3.3 Scope of integration 
Scope is the most fundamental dimension of SCI as it is the only situation specific fixed 
dimension. Fabbe-Costes and Jahre (2007) define the scope of integration as: 
The nature and number of companies involved in the integrated supply 
chain.  
Figure 4: Graphical presentation of SCI and its dimensions 
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The scope of integration is commonly broken down into internal and external integration, and 
external integration into supplier and customer integration (Flynn et al., 2010; Leuschner et 
al., 2013). According to Stank, Keller, and Daugherty (2001) companies should focus on 
internal and external integration simultaneously. As the depth, duration and strength in this 
study will be broken down in a supplier and customer part, we use slightly different names for 
the scope dimensions compared to previous literature. Internal integration is named as the 
scope of internal integration, supplier integration as the scope of supplier integration and 
customer integration as the scope of customer integration. 
 
2.3.3.1 Scope of internal integration 
The scope of internal integration is the integration of processes and departments within the 
focal company to get an optimum workflow to speed up decisions and increase collaboration 
(Flynn et al., 2010; Leuschner et al., 2013). The goal of the scope of internal integration is to 
eliminate the traditional functional “silos” and stress better coordination among functional 
areas (Morash & Clinton, 1998). A group of scholars doubt if the use and existence of the 
scope of internal integration is appropriate as there are no company boundaries involved 
(Devaraj, Krajewski, & Wei, 2007; Näslund & Hulthen, 2012). In our eyes, the scope of 
internal integration is appropriate as companies can only achieve a proper level of external 
integration by achieving inter-organizational integration (Rosenzweig, Roth, & Dean, 2003). 
This study follows the definitions of Kim (2013) and Zhao, Huo, Selen, and Yeung (2011) 
related to the scope of internal integration, which is as follows: 
The scope of internal integration refers to organizational practices of 
combining and improving internal resources and information in order to 
generate knowledge sharing beyond the boundaries of individual functions 
or departments, to assist external integration initiatives, and to achieve 
organizational goals. 
Multiple studies reveal a relation between the scope of internal integration and performance. 
Some authors find no direct relationship between the scope of internal integration and 
operational performance. The majority of studies do find a positive correlation (Huo, 2012). In 
2004, results indicated that the scope of internal integration improved operational, relational 
and financial performance (Droge, Jayaram, & Vickery, 2004). Swink and Nair (2007) found a 
positive relationship between the scope of internal integration and operational and financial 
performance. In their meta-analysis, Leuschner et al. (2013) found a positive relationship 
between the scope of internal integration and firm performance. A literature review done by 
Kim (2014) obtained that the scope of internal integration has a direct, indirect and 
moderating effect on operational and financial performance. This study therefore follows 
previous research and proposes the hereunder written hypothesis. 
 
H1a: Scope of internal integration positively influences firm performance. 
 
The scope of internal integration offers a solid basis for integration with entities outside a 
focal company’s barriers. Empirical evidence in previous research reveals that a relationship 
between the scope of internal integration and external integration is present. Stank et al. 
(2001) found that external cooperation with partners is related to internal information sharing 
in the focal company. Carr and Kaynak (2007) present results that demonstrate that 
information sharing within a company positively influences information sharing between 
companies. According to Ward and Zhou (2006) internal integration of information 
technology (IT) is positively related to external IT integration. Kanter (1994) state that firms 
with strong internal communication lines and a high level of information sharing tend to have 
more productive external relationships. Zhao et al. (2011) found a positive relationship 
between the scope of internal integration and the scope of supplier and customer integration 
(external integration). The scope of internal integration capability is the foundation for 
effective external integration. Without a proper scope of internal integration, external 
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integration is not possible (Zhao et al., 2011). As there is evidence from previous studies 
regarding a positive relation between the scope of internal integration and both external 
integration dimensions, this study proposes two hypotheses as presented below. 
 
H1b: Scope of Internal integration positively influences scope of supplier integration. 
H1c: Scope of Internal integration positively influences scope of customer integration. 
 
2.3.3.2 Scope of external integration 
External integration is a linkage between the focal company and another company. External 
integration is a more powerful way of integration in comparison to the scope of internal 
integration (Vickery, Jayaram, Droge, & Calantone, 2003). External integration is a key 
strategy to obtain a competitive advantage in an environment with many uncertainties 
(Quesada, Rachamadugu, Gonzalez, & Luis Martinez, 2008). According to Flynn et al. 
(2010) external integration can be defined as: 
The degree to which a company partners with external companies to 
structure inter-organizational strategies, practices and processes into 
collaborative, synchronized processes. 
Despite the fact that Frohlich and Westbrook (2001) identified no significant correlation 
between the demographic variables country, company size, industry, market focus, product 
focus and geographical focus on the scope of supplier and the scope of customer integration, 
Zhao et al. (2011) state that larger companies have a higher level of external integration, 
which may come from a higher focus of resources on supply chain activities. That a part of 
the results in 2011 differ from results of 2001 may come from the general interest in SCM 
within businesses and scholars (Spina, Caniato, Luzzini, & Ronchi, 2013). External 
integration can be forwards or backwards; with customers (forwards) or with suppliers 
(backwards). Both are widely studied by academics. 
 
The scope of supplier integration is an integration-form between a focal company and other 
companies that deliver products and/or services to a focal company. From a project-based 
construction view, suppliers can both be subcontractors and engineering service companies. 
Research from the past provides evidence that the scope of supplier integration can result in 
operational performance (Cousins & Menguc, 2006; Frohlich & Westbrook, 2001; Lau, Yam, 
& Tang, 2010). A weak, but positive relation between supplier and firm performance was 
found in more recent literature (Leuschner et al., 2013). This research state the hereunder 
written hypothesis.  
 
H1d: Scope of supplier integration positively influences firm performance 
 
The scope of customer integration is the integration between a focal company and a 
customer. Leuschner et al. (2013) found no relation between the scope of customer 
integration and firm performance in their meta-analysis. Other research done before 2013 
also demonstrates that the scope of customer integration does not significantly correlate with 
business performance (Devaraj et al., 2007; Swink et al., 2007). Reason for this non 
correlation can be found in a certain direction, as it can be that too much focus on the 
customer leads to higher costs, a lower profit and therefore a negative financial performance 
(Swink et al., 2007). Flynn et al. (2010) came to the conclusion that high levels of the scope 
of customer integration is not correlated with business performance, but the scope of 
customer integration seems to be related to operational performance. Other acadamics also 
spotted a positive relation between the scope of customer integration and operational or 
relational performance (Germain & Karthik, 2006; Homburg & Stock, 2004; Swink et al., 
2007; C. Y. Wong, Wong, & Boon-itt, 2011). Swink et al. (2007) found a positive relationship 
between strategical scope of customer integration and customer satisfaction as relational 
performance. The scope of customer integration is not so bad as it looks at first, it improves 
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relational and operational performance but according to the current literature it can not 
improve business / financial performance. It seems that backward integration is favorable 
over foreward integration if a company had the posibility to choose. Maybe this is exactly 
what is happening. In line with the current trend in the construction industry, where clients 
push contractors to integrate with them, contractors need to integrate with suppliers. This is 
the only way to make integration profitable as the scope of customer integration is negatively 
related to firm performance as a financial construct. In accordence with Mackelprang, 
Robinson, Bernardes, and Webb (2014) the link between the scope of customer integration 
and business performance seems underinvestigated. This study builds on previous literature 
and proposes that scope of customer integration does not influence firm performance. We 
expect a non significant relation. Altought, it is uncommon to propose such a hypothesis, we 
think this is valid. The scope of customer integration is a SCI dimension that is widely studied 
and should be part of any SCI research. 
 
H1e: Scope of customer integration does not influences firm performance. 
 
2.3.4 Strength of Integration 
Flynn et al. (2010) together with van der Vaart and van Donk (2008) define strength as: 
 The level or extent to which SCI activities and technologies are carried out.  
The strength of integration consist according to Leuschner et al. (2013) of three elements: 
information integration, operational integration and relational integration. These elements 
should be seen as a process from low integration to high integration. Stevens and Johnson 
(2016) who reviewed SCM and SCI over the last 25 years stated that there is a need for 
research that captures operational, relational integration and strategic integration. Alfalla-
Luque et al. (2012) take a slightly different name for the last two strength dimensions. 
Coordination & resource sharing (CRS) is operational integration and organizational 
relationship linkage (ORL) is relational integration.  
This study uses only informational and relational integration as sub dimensions of the 
strength of integration. We do this because operational integration and informational 
integration are often seen as the same concept. He and Lai (2012) uses almost the same 
operationalization for operational integration as Lau et al. (2010) uses for informational 
integration. The operationalization (of Saeed described in Leuschner et al. (2013)) of 
operational integration is: the extent to which supply chain members link decisions at 
different stages of the supply chains by routinely coordinating various operational processes 
and activities through information sharing. He and Lai (2012) defines operational integration 
as the integration of interdependent processes and information ﬂows that provide ways for 
partners to improve efﬁciency and effectiveness. In addition, this definition of operational 
integration is not far from the definition of informational integration. Due to the project-based 
view of this research, a look at operational integration is less relevant, as projects are about 
resources that work in a temporary structure. Process-based industries make physical 
products in an ongoing process, making it easier and more relevant to integrate on an 
operational level compared to the project-based construction industries  
Alfalla-Luque et al. (2012) state that higher levels of strengths of integration can only be 
achieved if there is a high degree of information integration in place. This research therefore 
state that relational integration can only be possible if information integration is in place. 
 
H2a: Supplier informational integration positively influences supplier relational integration. 
H2b: Customer informational integration positively influences customer relational integration. 
 
2.3.4.1 Information integration 
At the beginning of a integration process companies share information and data with each 
other (Leuschner et al., 2013; Saad et al., 2002). This sharing can be internally within the 
focal company and externally with the supply chain (SC) members. Sharing of information is 
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seen as one of the key factors for SC improvement (Bagchi, Ha, Skjoett‐Larsen, & 
Soerensen, 2005; Frohlich & Westbrook, 2001; Hernandez, Poler, Mula, & Peidro, 2008; 
Mentzer et al., 2001; Paik & Bagchi, 2007). Demand information, inventory status, promotion 
plans, sales forecasts and production schedules are part of the shared information within the 
manufacturing industry (Alfalla-Luque et al., 2012; Xue et al., 2005). Within the construction 
industry progress reports, engineering documents, time schedules, resource planning, quality 
plans, execution plans, minutes of meetings are being shared (Eriksson, 2010; Lavikka, 
Smeds, & Jaatinen, 2015; Xue et al., 2005). As the flow of information has a direct impact on 
the above described documents, managers should choose appropriate information and 
implement a strategy for integration with supply chain partners (Alfalla-Luque et al., 2012). 
This research follows C. Y. Wong et al. (2011) and define information integration as: 
The information sharing infrastructure of firms to support information 
exchange and coordination across business functions and partner firms. 
A few scholars have studied the connection between information integration and firm 
performance. Alfalla-Luque et al. (2012) made a proposition stating that information 
integration should have a positive effect on performance. 
Olorunniwo and Li (2010) noticed by the results of a regression analysis that information 
sharing as part of information integration leads to greater reverse logistics performance. 
Reverse logistics performance was measured by profit margin as a financial performance 
measurement and satisfaction as a relational performance measurement. Leuschner et al. 
(2013) found a significant correlation between information integration and firm performance 
and stated that information integration together with the scope of internal integration require 
the least involvement and effort for a supply chain. Wong, Lai, and Bernroider (2015) 
discovered that information integration is significantly positive correlated to operational and 
financial performance. Their results reveal that information integration reduces costs, 
shortens operational schedules and that client requested changes go faster. This study 
follows previous research and state the hereunder written hypotheses. 
 
H2c: Supplier information integration positively influences firm performance. 
H2d: Customer information integration positively influences firm performance. 
 
2.3.4.3 Relational integration 
Relational integration is the highest possible strength of integration and builds up on the 
previous level of integration. Relational integration is sometimes named as strategic 
integration (He & Lai, 2012; Johnson, 1999). Paulraj (2006) sees the terms “partnership” and 
“partnership sourcing” as identical to relational integration. Relational integration goes 
beyond attitude based activities and can be defined as the adoption of a strategic connection 
between firms in the supply chain characterized by trust, commitment and long-term 
orientation (Leuschner et al., 2013; van der Vaart & van Donk, 2008). Alfalla-Luque et al. 
(2012) describe that, in this phase of a relationship, a clear strategy is necessary in order to 
achieve a long term common vision, including objectives that will end up in sharing risks, 
reduced costs, promote rewards, developing skills and creative a culture for joint 
performance. Relational integration can only work with a limited number of companies (I. J. 
Chen, Paulraj, & Lado, 2004; Paulraj, 2006). In this phase of integration, SC partners 
intensively work together for example by using cross-functional teams or communication 
channels. This research follows the current body of knowledge and defines relational 
integration as (I. J. Chen et al., 2004; Hult, Ketchen, & Slater, 2004; Johnson, 1999; 
Leuschner et al., 2013): 
The adoption of a strategic connection between firms in the supply chain 
characterized by trust, commitment and long-term orientation. 
More than 15 years ago Johnson (1999) already detected a significant relation between 
relational integration and financial performance. Swink et al. (2007) discovered a significant 
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relationship between four types of relational integration on market performance and customer 
satisfaction as performance measurements. In their literature review, Alfalla-Luque et al. 
(2012) end their article with a few propositions. One of these is that relational linkages 
(relational integration) have a positive effect on performance. He and Lai (2012) noticed that 
strategic integration has an indirect effect on firm performance. In the same study a positive 
effect of product-based service and customer action-based service as relational performance 
items on firm performance as a financial construct was found. Mackelprang et al. (2014) 
conducted a meta-analysis focused on strategical (relational) integration. They noticed a 
significant relation between relational integration and performance. According to Leuschner 
et al. (2013) there is a significant correlation between relational integration and firm 
performance. They argue that due to the long-term relationship a very deep level of 
integration with a low risk can be reached which results in high firm performance. This state 
of integration is not easy to reach. Companies need to invest resources and time. Relations 
that are build upon trust can not be made, but have to be developed. However, tight 
relationships should be the goal in all situations as it improved firm performance. This 
research also expect a positive relation between relational integration and firm performance. 
 
H2e: Supplier relational integration positively influences firm performance. 
H2f: Customer relational integration positively influences firm performance. 
 
2.3.5 Duration of Integration 
One of the two dimensions that Eriksson (2015) adds to his SCI model is the duration of 
integration. This dimension originally comes from partnering literature (Bygballe et al., 2010; 
Jacobsson & Roth, 2014). This dimension has been long time known and is stated as a 
critical and important dimension of inter-organizational relationships (Eccles, 1981; Martinsuo 
& Ahola, 2010; Ring & Van De Ven, 1992). A longer duration of integration leads to the 
development of routines that brings effectiveness and therefore a higher performance 
(Eccles, 1981; Martinsuo & Ahola, 2010; Uzzi, 1997). According to Saad et al. (2002), two of 
the most important factors of integration as part of the duration of integration are; early 
involvement and a long-term relationship. A long-term relationship and integration between 
companies is common in manufacturing industries. However, due to the nature of 
construction as a project-based industry long-term strategic relationships between the same 
companies are not common (Bygballe et al., 2010). Even if a company is performing well, an 
extension of the relationship from project to project is not frequently chosen (Alderman & 
Ivory, 2007; Lavikka et al., 2015).  
As this research has the project-based construction industry as a focus, looking at the exact 
duration of integration may not be as important as in the process-based manufacturing 
industry. Integration between two companies over 5 years can be within 1 project, and 
integration over a period of 2 years can be within 2 or 3 projects. More important in this 
research context is if relations are only project based or continue from project to project. 
Integration in the construction industry is separated in long-term and short-term integration. 
In the partnering literature, short-integration is called project partnering and long-term 
integration strategic partnering (Bygballe et al., 2010). Long-term integration is an 
integration-form that goes on from project to project. Short-term integration only last for the 
duration of one project (Aloini et al., 2014; Eriksson, 2015; Ingirige & Sexton, 2006). Long-
term relationships provide higher value of cooperation in project teams, better 
exploration/exploitation of knowledge and a higher sustainable competitive advantage (Aloini 
et al., 2014; Ingirige & Sexton, 2006). This study defines the duration of integration as: 
The amount of projects where the two companies are involved in supply 
chain integration. 
A few studies have incorporated the duration of integration in a SCI model in the 
manufacturing industry (Bagchi, Chun Ha, Skjoett-Larsen, & Boege Soerensen, 2005; 
Kaufmann & Carter, 2006). Bagchi, Chun Ha, et al. (2005) found a negative correlation 
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between the length of a relationship and operational performance. They call their own results 
interesting and surprising. They describe that a long relationship maybe leads to less 
innovation and inefficient suppliers in relation to the lack of benchmarking. Kaufmann and 
Carter (2006) could also not find a significant relationship between a longer relationship and 
non-financial performance in the context of product uncertainty. According to these authors, 
a possible reason for this non-significant relationship can be that in a situation with many 
uncertainties and dynamism a long-term relationship is unwanted as supplier-flexibility is a 
better solution. Pressey and Tzokas (2004) also describe that longer relationships do not 
typically have a better performance compared to shorter relations. Known as the “dark-side” 
effect within relational management literature Dant and Gleiberman (2011) describe what can 
be done to prevent and combat that a long-term relationship means a lower performance 
compared to short-term relationships. In summary long-term relationships should be open, 
constructive and handled as an iterative strategical process. This may suggest that longer 
relationships do have a higher performance if the relationship is strategical. 
 
Duration in relation with performance within the project-based construction industry is seldom 
studied. Jin, Migliaccio, and Bogus (2013) find just like in the manufacturing industry no 
significant relationship between duration and firm performance.  
 
Kotabe (2003) explains that a longer relationship does not lead to higher performance. A 
longer duration can only act as a moderator between SCI dimensions and performance. 
Other authors also use duration as a moderator (Fynes, de Búrca, & Mangan, 2008; Lee, 
Kim, Kim, Lee, & Lim, 2015; Squire, Cousins, & Brown, 2009; Yen & Barnes, 2011). With this 
known and the prevention and combat statements from Dant and Gleiberman (2011) to 
prevent the “dark-side” effect of long-term relations, the author state that the duration of 
integration works as a positive moderator for relational integration related to firm 
performance. The duration of integration works as a negative moderator for informational 
integration in relationship to firm performance. 
 
H3a: The supplier duration of integration positively moderates supplier relational integration in 
relation to firm performance.  
H3b: The customer duration of integration positively moderates customer relational integration 
in relation to firm performance.  
H3c: The supplier duration of integration negatively moderates supplier informational 
integration in relation to firm performance. 
H3d: The customer duration of integration negatively moderates customer informational 
integration in relation to firm performance. 
 
2.3.6 Depth of Integration 
At first view, depth may look similar to the strength of integration. But where the strength of 
integration is concentrated at the extent to which integration activities are carried out, depth 
looks who perform the integration activities (Eriksson, 2015). In some projects, the project 
manager is the only employee that has contact with customers or suppliers. In other projects, 
there are people from different departments and hierarchies involved. A high depth of 
integration means that employees from different hierarchical levels with many functional roles 
are part of the integration process. Commitment in general is a precondition to apply SCI, but 
commitment of the top management is named as ‘critical’ for the integration between supply 
chain partners (Aloini et al., 2014; Eriksson, 2015; Ingirige & Sexton, 2006). To make a 
proper integration of a supply chain, also members of lower hierarchical levels (for example 
blue-collar workers) need to be involved (Eriksson, 2015; Venselaar, Gruis, & Verhoeven, 
2015; Zheng, Roehrich, & Lewis, 2008). Zhang, Gunasekaran, and Wang (2015) gave a 
categorization to the depth of integration which is similar to the enterprise hierarchy or 
sometimes better known as the hierarchical pyramid. The bottom of this hierarchy is the 
place where the operational levels is located. This level consists of blue-collar workers, 
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supervisors, engineers and work package managers. The second level is the tactical level. 
This level included head of departments, project managers and senior management. The 
executive board of a company is the third level, which is the strategical level. With this said 
this study defines the depth of integration as: 
The amount of hierarchical levels that are involved in supply chain 
integration. 
Cross-functional integration is the integration of two functions within a company. Cross-
functional integration is similar to the scope of internal integration. However, firm-wide cross-
functional integration is integration of more than two functions within on company. H. Chen, 
Mattioda, and Daugherty (2007) even included all hierarchical levels for their construct of 
firm-wide cross-functional integration. The depth of integration can be seen as firm-wide 
cross-functional integration (H. Chen et al., 2007). The authors noticed a positive correlation 
between firm-wide cross-functional integration and firm performance as a financial and 
relational construct. Besides H. Chen et al. (2007), no other studies could be identified that 
studied the relation between depth of integration and firm performance. With this, the 
hereunder-stated hypotheses is a fact. 
 
H4a: Supplier depth of integration positively influences firm performance. 
H4b: Customer depth of integration positively influences firm performance. 
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2.4 Research framework 
With the hypotheses stated in the previous paragraphs, the conceptual model is as illustrated 
below.  
 
 
Figure 5: Conceptual model 
 
The hypotheses for this research are as follows: 
 H1a: Scope of internal integration positively influences firm performance. 
 H1b: Scope of Internal integration positively influences scope of supplier integration. 
 H1c: Scope of Internal integration positively influences scope of customer integration. 
 H1d: Scope of supplier integration positively influences firm performance 
 H1e: Scope of customer integration does not influences firm performance. 
 H2a: Supplier informational integration positively influences supplier relational integration. 
 H2b: Customer informational integration positively influences customer relational integration. 
 H2c: Supplier information integration positively influences firm performance. 
 H2d: Customer information integration positively influences firm performance. 
 H2e: Supplier relational integration positively influences firm performance. 
 H2f: Customer relational integration positively influences firm performance. 
 H3a: The supplier duration of integration positively moderates supplier relational integration in 
relation to firm performance.  
 H3b: The customer duration of integration positively moderates customer relational integration 
in relation to firm performance.  
 H3c: The supplier duration of integration negatively moderates supplier informational 
integration in relation to firm performance. 
 H3d: The customer duration of integration negatively moderates customer informational 
integration in relation to firm performance. 
 H4a: Supplier depth of integration positively influences firm performance. 
 H4b: Customer depth of integration positively influences firm performance. 
 
The next section describes the methodology.   
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3 Research methodology 
The previous section described the body of knowledge around the problem statement from 
which a number of hypotheses were formulated. This research adopts a survey design. This 
choice, as well as methodological issues like data collection, operationalization and data 
analyses, are the subject of this section.  
 
The first section 3.1 describes the research type that we will use in this study. Section 3.2 
explains how the data is collected. The operationalization of constructs is subject of 
discussion in section 3.3. Section 3.4 describes how the data is analysed. The last paragraph 
explains how this research handled several methodological issues.  
 
3.1 Research design  
The most common way to separate research methods is by the separation between a 
survey, case study and an experiment. In an experiment, a group of people is separated from 
the other group. In this type of research, conclusions can be obtained by the difference of 
one group that is undergoing the experiment (or treatment) and the other group that is not. A 
survey is a quantitative research method to test hypotheses. A survey requires a pool of 
respondents and creates a large data sample. A case study provides high value in-depth 
information about a specific subject.  
 
Based on the problem statement it is possible to distinguish between quantitative and 
qualitative research. Problem statement with ‘who’ and ‘why’ questions are more classified 
as qualitative research. Quantitative research have often ‘what’ questions in the problem 
statement. Questions with ‘who’ and ‘why’ are explanatory while ‘what’ questions are 
answered on a descriptive way. This study has two times the word ‘what’ in the problem 
statement. Yin (2009) tells on page 8 that if a study has a ‘what’ question a survey is the best 
method. As it was possible to formulate hypotheses from the current body of knowledge this 
research applies a survey design as primary research method. 
 
The outcome of a survey offers sociological and/or psychological information from the 
population. Sex, salary, religion, lifestyle, age, education, race, and so on are sociological 
facts. The psychological parts of a survey provides information about opinions, attitudes and 
behavior of the population. This is the most interesting part as it explains what people think 
and do (Mathiyazhagan & Nandan, 2010). In this research, we want to know if employees 
within the construction industry agree or disagree with the questions from the survey.  
 
3.2 Data collection 
In the manufacturing industry the survey method is commonly used to study SCI. Scholars 
often used the opinion of one key informant per company working at a strategical level. 
Despite the fact that SCI reviews the linkages between companies it is often the case that 
dyadic relations are only viewed from the focal manufacturer’s perspective (Cao & Zhang, 
2011; Cousins & Menguc, 2006; Flynn et al., 2010; Huo, 2012; Kim, 2013; Stank et al., 2001; 
Swink et al., 2007; van der Vaart & van Donk, 2008; Vickery et al., 2003; Xu, Huo, & Sun, 
2014; Zhao et al., 2008). Within this perspective, the key informant answers the questions 
based on the relationships with its key customers and key suppliers. Key suppliers and key 
customers are those that have the highest turnover from or going to the focal company 
(Fynes et al., 2008; Morgan & Hunt, 1994; Zhao et al., 2011).  
 
According to Leeuw, Hox, Dillman, and European Association of (2008) there are several 
methods to collect data with a survey. Surveys with or without an interviewer is the first major 
distinction. A survey with an interviewer can be done on a face-to-face basis or by telephone. 
Self-administered questionnaires (without an interviewer) have even more forms: 
electronically (email), by post (mail) and by drop-off. After comparing the advantages and 
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disadvantages of every method this research will adapt a self-administered survey method 
by internet that will be distributed by email. As stated by Granello and Wheaton (2004) and 
Umbach (2004) the greatest advantages of an electronical email survey are the cheap 
access to a large sample and ease of data management. The greatest disadvantages of an 
internet based mail survey is that the response rate can be low compared to other methods 
(Granello & Wheaton, 2004). 
 
To fight the greatest disadvantage of this survey method this research adapts multiple 
response ratio improving techniques. Sherblom and Sullivan (1993) found that a response 
rate drastically drops if a survey takes more than 20 minutes. One manager working in the 
construction industry completed the survey within 10 minutes. Not only the duration, but also 
the review process itself helps to adjust the survey to become better and therefore increase 
in the response rate (Fan & Yan, 2010). Sherblom and Sullivan (1993) found that acceptance 
from management to complete a survey within normal working hours increased the response 
rate. For the respondents working in the same company as the author we had permission 
from the CEO to add a text field in all emails that the management of the company accepts 
that the survey can be completed within normal working hours.  
 
3.2.1 Population 
The population of this study are employees working within the project-based construction 
industry. This study will not focus on one key informant per company as commonly done in 
the manufacturing industry’s SCI research. The project-based construction companies have 
employees that work on several projects at the same time making it valid to involve the 
opinion of multiple persons per company. Due to the use of the depth on integration 
dimensions, it is helpful to use the opinion of professional’s at all hierarchical levels.  
 
3.2.2 Sample 
In two ways, a sample is taken from the population. At first, the researcher has send emails 
to 307 colleagues mainly working in Germany, China and the United Kingdom. The second 
part of the sample consists of LinkedIn connections of the researcher. Out of the 504 
LinkedIn connections, 192 were useful. In total, the survey has been send to 499 
professionals working in the construction industry. The survey has only been send to 
professionals working for a project based construction company where we assume that they 
either work with information or have contact with suppliers and/or customers.  
 
3.2.3 Pilot / survey development 
The survey development underwent multiple stages as shown in detail in Appendix I. In the 
first stage, manufacturing concepts and definitions were changed to concepts and definitions 
used and known in the construction industry. Afterwards, the survey was discussed with an 
engineer working in the construction industry. Based on the feedback of this engineer, 
questions were adapted or deleted. In the third phase, the questionnaire was sent to two 
managers working in the construction industry. Only one manager responded and measured 
the time that was required to conduct the survey. This manager completed the survey in 
approximately 10 minutes. As suggested by Leeuw et al. (2008) internet surveys must be 
short; 10-15 minutes is already somewhat long. With the measured 10 minutes, this survey 
design is appropriate. 
 
3.2.4 Final survey design 
The final survey contained 56 questions. Of these 56 questions, seven questions relate to 
general aspect of the respondents and 49 questions relate to questions that measured the 
variables of this study. The final survey design is located in appendix II. 
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3.2.5 Contact method 
At first, a meeting with the CEO, commercial director and the HR teamleader took place to 
discuss the contact method within the focal company of the researcher. Agreed was that due 
to the international character of the company the website 
www.thesistools.com/SupplyChainIntegrationInTheConstructionIndustry will be used to 
distribute the survey to the relevant employees by email. After one week, a reminder was 
sent to all relevant employees. Immediately after the reminder, the director of project 
execution also sends an email to the same employees regarding the urgency of participating 
in the survey. Due to Chinese internet restrictions, an Excel file including the survey was 
attached to the reminder so that employees who could not access the internet link could still 
complete the survey. The Excel file with the same survey is located in appendix III.  
 
LinkedIn connections received a personal message, as “mass anonymous emailing” is not 
possible anymore in LinkedIn. Dutch connections received a message in Dutch, other 
connections in English. A total of 60 LinkedIn connections received a personal message in 
addition to the standard text with the goal to increase the response rate. The standard text in 
all messages referred to the website 
www.thesistools.com/SupplyChainIntegrationInTheConstructionIndustry where the survey 
was located. After one week, a reminder was sent to the people who had not responded to 
the first message. 
 
3.3 Operationalization 
Most studies that studied SCI in relation to firm performance measured the constructs on a 
five, seven or ten points Likert scale (van der Vaart & van Donk, 2006). A five-point Likert 
scale is used for SCI related questions ranging from Strongly disagree (1) to Strongly agree 
(5), Much worse (1) to Much better (5) and Not at all (1) to Extensive (5).  
 
Besides the two questions that measure the depth of integration all questions are validated 
and used in previous research. The questions were already in the English language making 
translation unnecessary. Appendix I presents the original questions and scales including 
detailed reason for changes. 
 
The next paragraphs contain the operationalization of the separate (sub) dimensions of SCI 
and firm performance. 
 
3.3.1 Firm performance 
This research measures firm performance as a financial construction. The questions from the 
research of Huo (2012) were used. The questions of this construct measure the perceived 
firm performance of the respondents in comparison to a primary/major competitor. Based on 
feedback from two professionals working in the construction industry this research deleted 
two questions. For one question, additional information is added to the original question. Huo 
(2012) used a seven-point Likert scale. We used a five-point Likert scale ranging from Much 
worse (1) to Much better (5) as this was suggested during the survey development. The table 
below presents the final survey questions used to measure firm performance. 
 
Table 1: Items firm performance 
Item Source 
Please evaluate your company’s performance in the following areas relative to your 
primary/major competitor 
Adapted from Huo (2012) 
1. Growth in sales, revenue or turnover  
2. Growth in profit  
3. Growth in market share  
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3.3.2 Scope of internal integration 
We  will use the constructs described in the research of Flynn et al. (2010) and Huo (2012) to 
measure the scope of internal integration. The five-point Likert scale ranges from Not at all 
(1) to Extensive (5). The extent of integration is based on the respondents perception. 
Questions regarding inventory level and logistics-related operating data are deleted with 
regards to the industries perspective. Feedback from construction industry professional gave 
awareness that certain questions were not clear enough. The final questions are offered in 
the table below. 
 
Table 2: Items scope of internal integration 
Item Source 
Please indicate the degree of integration in the following areas 
1. Data integration among internal departments 
Adapted from Flynn (2010) 
and Huo (2012) 
2. Enterprise application (SAP, Navision, etc.) integration among internal departments  
3. Integrative resource capacity management  
4. The utilization of periodic interdepartmental meetings among internal departments  
5. The use of cross functional teams in business process improvement  
6. The use of cross functional teams in R&D projects  
 
3.3.3 Scope of supplier integration 
The research of Flynn et al. (2010) and Huo (2012) is also the basis for the scope of supplier 
integration construct. The scale is identical with the previous described construct. Two 
questions were deleted due to the industries perspective of this research. Four identical 
questions of this construct were already used in other constructs. One question was adapted 
so that it is applicable for the construction industry. Not at all (1) to Extensive (5) is the five-
point Likert scale that has been used to measure the extent of integration based on the 
respondents perception. The table below provides six questions that were used to measure 
the scope of supplier integration.  
 
Table 3: Items scope of supplier integration 
Item Source 
Please indicate the extent of integration or information sharing between your organization 
and your key suppliers in the following areas 
Adapted from Flynn (2010) 
and Huo (2012) 
1. The level of information exchange with our key suppliers through information networks  
2. The level of strategic partnership with our key suppliers  
3. Stable procurement through network with our key suppliers  
4. The participation level of our key suppliers in the process of engineering, procurement 
and construction 
 
5. Our key suppliers shares their production schedule with us  
6. We help our key suppliers to improve its process to better meet our needs  
 
3.3.4 Scope of customer integration 
The scope of customer integration is the last construct were we used the studies of Flynn et 
al. (2010) and Huo (2012). Two question were deleted because they were part of other 
dimensions. Three questions did not match with the industries perspective of this research 
and were therefore deleted. One questions was adapted to make the question applicable for 
the construction industry. Not at all (1) to Extensive (5) is the five-point Likert scale that has 
been used to measure the extent of integration based on the respondents perception. The 
hereunder written table presents the construct items. 
 
Table 4: Items scope of customer integration 
Item Source 
Please indicate the extent of integration or information sharing between your organization 
and your key suppliers in the following areas 
Adapted from Flynn (2010) 
and Huo (2012) 
1. The level of linkage with our key customers through information networks  
2. The level of sharing of market information from our key customers  
3. The level of communication with our key customers  
4. Follow-up with our key customers for feedback  
5. The frequency of period contacts with our key customers  
6. Our key customers shares investment information with us and we are involved in the 
tendering/proposal phase of new projects 
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3.3.5 Supplier and customer informational integration 
The construct to measure supplier and customer informational integration is adapted from 
the work of Lau et al. (2010). This construct measures the opinion of the respondents by 
asking questions about the perceived extent of integration. We changed two questions in 
regards to the industries perspective. Production plans were changed by sales forecasts and 
resource capacity planning in state of inventory mix/level information. The base part of the 
questions is adapted so that the respondents not only have to give their opinion on the key 
suppliers, but also on the key customers. The five-point Likert scale of this item is ranging 
from Not at all (1) to Extensive (5). A summary of the questions is provided in the tables 
below. 
 
Table 5: Items supplier informational integration 
Item Source 
To what extent does your organization integrate/coordinate activities with your key 
suppliers? 
Adapted from Lau (2010) 
1. Share sales forecasts  
2. Share resource capacity planning  
3. Share technological information  
4. Share marketing information  
 
Table 6: Items customer informational integration 
Item Source 
To what extent does your organization integrate/coordinate activities with your key 
customers? 
Adapted from Lau (2010) 
1. Share sales forecasts  
2. Share resource capacity planning  
3. Share technological information  
4. Share marketing information  
 
3.3.6 Supplier and customer relational integration 
The validated questions of Johnson (1999) were the basis to measure relational integration. 
The only adaption of the questions that is made is that the respondents must give their 
opinion on their experience with key suppliers and key customers instead of giving their 
opinion on the suppliers. The five-point Likert scale ranges from Completely disagree (1) to 
Completely agree (5) and the tables below offers the construct items. The construct 
measures the opinion of the respondents by asking questions about the level of agreement. 
 
Table 7: Items supplier relational integration 
Item Source 
1. Our firm’s long-term strategy depends on maintaining a good, healthy relationship with 
our key suppliers 
Adapted from Johnson (1999) 
2. It is very important for our organization to maintain the relationship with our key 
suppliers 
 
3. A strong cooperative relationship must be maintained between our firm and our key 
suppliers for us to remain competitive in our industry 
 
4. When developing our firm’s strategy, we consider our key suppliers as a large part of 
picture 
 
5. We do not think about our own firm’s long-term strategy when we make plans with our 
key suppliers  
 
6. If our key suppliers went out of business, our firm would immediately have to change 
our competitive strategy 
 
 
Table 8: Items customer relational integration 
Item Source 
1. Our firm’s long-term strategy depends on maintaining a good, healthy relationship with 
our key customers 
Adapted from Johnson (1999) 
2. It is very important for our organization to maintain the relationship with key customers  
3. A strong cooperative relationship must be maintained between our firm and key 
customers for us to remain competitive in our industry 
 
4. When developing our firm’s strategy, we consider our key customers as a large part of 
picture 
 
5. We do not think about our own firm’s long-term strategy when we make plans with our 
key customers 
 
6. If our key customers went out of business, our firm would immediately have to change 
our competitive strategy 
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3.3.7 Supplier and customer duration of integration 
The research of Bagchi, Chun Ha, et al. (2005) is used to operationalize the duration of 
integration construct. Bagchi, Chun Ha, et al. (2005) used two questions asking the average 
length of relationships with key suppliers and key customers. This research adapted these 
questions to the project-based construction industry. Besides the exact length in duration, we 
also want to know the amount of projects that a company worked with key customers and 
key suppliers. The five-point scale of this construct is ranging from One (1) to ≥Twenty (5) 
projects and from <1 year to > 5 years (5). This construct measured the duration of 
integration from the respondent’s perception. A summary of the questions is offered in the 
tables below. 
 
Table 9: Items supplier duration of integration 
Item Source 
1. What is the average amount of projects that your company worked with our key 
suppliers? 
Adapted from Bagchi (2005) 
2. What is the average length of relationship with key suppliers?  
 
Table 10: Items customer duration of integration 
Item Source 
1. What is the average amount of projects that your company worked with our key 
customers? 
Adapted from Bagchi (2005) 
2. What is the average length of relationship with key customers?  
 
3.3.8 Supplier and customer depth of integration 
The supplier and customer depth of integration is, together with the constructs from the 
previous paragraph, a new construct within the SCI literature. In this research, two questions 
were developed, based on the previous literature from Zhang, Gunasekaran, and Wang 
(2015). We measured this construct by asking questions about the level of agreement on the 
five-point Likert scale ranging from Completely disagree (1) to Completely agree (5). The 
tables below present the final questions measuring the supplier and customer depth of 
integration. 
 
Table 11: Items supplier depth of integration 
Item Source 
1. Employees from operational, tactical and strategical level are involved in integration 
activities with our key suppliers 
2. Integration activities with our key customers are only done at one hierarchical level 
Derived from Zhang, 
Gunasekaran, and Wang 
(2015) 
 
Table 12: Items customer depth of integration 
Item Source 
1. Employees from operational, tactical and strategical level are involved in integration 
activities with our key customers 
2. Integration activities with our key customers are only done at one hierarchical level 
Derived from Zhang, 
Gunasekaran, and Wang 
(2015) 
 
3.3.9 Control variables 
The questionnaire contains multiple control variables. 
 
Respondents work on different hierarchical levels. The opinion of key customers can be 
different for an engineer than for a managing director. Especially as we used the depth of 
integration dimensions, it is interesting to see at which hierarchical level the respondents 
work. 
 
Due to a different environment, governmental rules or culture it could be possible that the 
country where the respondents work may influence the results of the survey. We will 
therefore ask in which country the respondents work. 
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A higher focus of resources on supply chain activities may be an explanation why larger 
companies have a higher level of external integration (Zhao et al., 2011). Company size is 
therefore another interesting control variable. 
 
Respondents of this survey work with suppliers and customers as part of their role in their 
company. Nevertheless, not all respondents work on a regular basis with suppliers and 
customers. The last control question asked how often the respondents are in contact with 
and work with information from suppliers and customers. 
 
3.4 Data-analyses 
As to the quantitative nature of this research, statistical analyses is done within the program 
SPSS Statistics revision 20 from the company IBM. The constructs from the conceptual 
model have been translated to questions within the questionnaire. Below explained statistical 
methods and techniques have been performed to adapt and analyse raw data from the 
questionnaires.  
 
There were four reserved questions in the questionnaire. The values of these questions have 
been reversed to make sure that the scale is correctly formed. 
 
Before computing the items in scales, a scale analyses was performed. The scale analyses 
reveals if a scale is reliable by looking at the Cronbach’s Alpha value. A Cronbach’s Alpha of 
0.0 means no homogeneity and a value of 1.0 means that the items measure exactly the 
same phenomenon. A Cronbach’s Alpha of 0.6 is acceptable, although values of 0.8 are 
better and more reliable. Sometimes is may be valid to delete one of two questions from the 
scale if the Cronbach’s Alpha outcome will therefore increase significantly. Reliable scales 
were finally computed with the mean-value as outcome.  
 
The first statistical analysis is the correlation analysis. This analysis has two objectives. At 
first, it is possible to see if there is any multicollinearity. Multicollinearity means that two 
independent variables correlate too much with each other. High correlation between 
independent variables is problematic in a regression analysis, as the regression coefficients 
are in this case not stable enough. A second way of using the correlation analysis is to see if 
the proposed hypotheses significantly correlates with each other. If variables significantly 
correlate, this does not mean that one causes the other, but there is at least some form of 
relation. 
 
Linear regressions are used to test if there is any casual relation as stated in the hypotheses. 
In order words: do the independent variables significantly influence the dependent variable, 
and if so, how much. The regression analysis demonstrates if there is support for the 
proposed hypotheses. A stepwise multiple linear regression model is used for the 
independent SCI dimensions that, according to the hypotheses, should have a direct effect 
on firm performance (dependent variable). Single linear regressions are done to test 
hypotheses within the SCI dimensions as there is always one different independent or 
dependent variable involved. The moderation analysis is conducted as a normal multiple 
linear regression analysis with centralized independent and moderating variables as well as 
a product term.  
 
3.5 Methodological issues  
In theory the reliability, external and internal validity should be as high as possible. As in any 
research, some issues may be problematic to one of the three subjects. Relevant issues and 
counter measurements will be discussed in the next three paragraphs.  
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3.5.1 Reliability 
Reliability means that the outcome of this research is consistent with other papers. To get a 
high consistency this research follows other researchers that have already operated the 
constructs and developed the construct questions. The questions for firm performance, 
strength of integration, scope of integration, depth of integration and duration of integration 
were taken from other studies. Some questions have been deleted and some questions have 
been slightly adapted to fit the project-based construction context of this research.  
 
3.5.2 External validity 
External validity is the level of generalizability. Would the same method provide the same 
result in another situation? The outcome of this research is valid for the project-based 
construction industry. With a response of 124 respondents from 13 countries, a solid external 
validity is available.  
 
3.5.3 Internal validity 
A high internal validity means that the research in measuring what it wants to measure. 
Internal validity is the quality of the research in a broad way. Typical subjects or issues 
regarding internal validity are non-response, the influence of the researcher itself, anonymity, 
interpretation problems and socially desirable answers or “demand effect”. 
 
Non-response is an important issue within this research. A pilot test demonstrated an 
acceptable outcome of 10 minutes to complete the survey. The emails to colleagues clearly 
stated that the management gave approval to fulfill the survey during normal working hours. 
Sending follow-up emails or reminders was also a part of the strategy to get a low non-
response rate. Familiar LinkedIn connection were contacted with a personal email. With this 
personal method of contact the hope was that, the response rate would go up. In all 
communication, there was an option available for the sample to tell that they do not want to 
participate.  
 
As most of the respondents are (old) colleagues and people that the researcher has done 
business with it may be possible that they do not want to participate. Anonymity was granted 
as there were no control variables that could lead to one participant. The questionnaire was 
located on the internet so that it was unknown which colleague or business relation 
completed a certain survey. Interpretation problems were tackled by a pilot test.  
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4 Results 
The first section describes the survey response and sample characteristics. Section 4.2 
describes the scale analyses. The correlation analysis is located in section 4.3. The next 
section offers the results of the regression analyses. Hypotheses H3a to H3d state a 
moderating effect. The result of the moderation analyses is the subject of section 4.5. The 
last section offers an overview of the hypotheses and the main statistical results. 
 
4.1 Response and sample Characteristics 
The sample consists out of 499 people and we received 124 completed surveys back. The 
number 124 divided by 499 makes a final response rate of 24.85%. Six LinkedIn connections 
did not want to participate. From the 124 surveys, 105 surveys were completely filled out. 
 
The respondents are located in different countries and continents. The table below illustrated 
that most of the respondents are located in Europe (82.3 percent). Germany has with 46 the 
most respondents.  
 
Table 13: Location of the respondents 
Country Frequency Percent 
Germany 46 37.1 
The Netherlands 39 31.5 
China 16 12.9 
United Kingdom 11 8.9 
Belgium 3 2.4 
Sweden 2 1.6 
Taiwan 1 0.8 
USA 1 0.8 
Norway 1 0.8 
Egypt 1 0.8 
Qatar 1 0.8 
Iran 1 0.8 
India 1 0.8 
 124 100.0 
 
The majority of the people that conducted the survey, work in different companies. Not all 
companies have the same size as can be seen in the table below. By far the most 
respondents worked in a middle sized company with 100 to 499 employees. Approximately 
15 percent worked in a smaller company and about 20 percent works in large companies 
with more than 500 employees.   
 
Table 14: Company size of the respondents 
Company size (amount of employees) Frequency Percent 
1 – 49 11 8.9 
50 – 99 8 6.5 
100 – 499 80 64.5 
500 – 999 5 4.0 
1000 – 4999 6 4.8 
>5000 14 11.3 
 124 100.0 
 
This study asked the opinion of people working at different hierarchical levels. The table 
below reveals at which hierarchical level the respondents work. Half of them work at an 
operational level. Only 12.9 percent of the respondents work at the strategical level. 
 
Table 15: Hierarchical level of the respondents 
Hierarchical level Frequency Percent 
Operational 62 50.0 
Tactical 46 37.1 
Strategical 16 12.9 
 124 100.0 
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The two tables below present the amount of contact that a respondent has with a supplier 
and how often he or she works with information from a supplier. Most of the respondents 
have regular contact with a supplier. More than 40 percent has contact on a weekly or daily 
basis. The frequency on which respondents work with information from suppliers is even 
higher than the frequency of contact with suppliers. Almost 60 percent works once or more 
times a week with information from suppliers. Contact on a monthly basis has with 39 
percent the highest frequency. 
 
Table 16: Respondents work with supplier information           Table 17: Contact frequency with suppliers 
Works with supplier information Frequency Percent  Has contact with suppliers Frequency Percent 
Never 1 0.8  Never 1 0.8 
Once or twice a year 6 4.8  Once or twice a year 23 18.7 
Once or twice a month 46 37.1  Once or twice a month 48 39.0 
Once or twice a week 25 20.2  Once or twice a week 23 18.7 
More than twice a week 46 37.1  More than twice a week 28 22.8 
 124 100.0   123 100.0 
 
On the customer side the frequency that respondents work with information is even higher, 
compared to that of the previous two tables. Almost 50 percent works more than twice a 
week with information from customers. The amount of respondents that have contact with 
customers is the highest in the group once or more than twice a month (27.6 percent). Six 
respondents have no contact with customers at all. 
 
Table 18: Respondents work with customer information           Table 19: Contact frequency with customers 
Works with supplier information Frequency Percent  Has contact with suppliers Frequency Percent 
Never 1 0.8  Never 6 4.9 
Once or twice a year 6 4.9  Once or twice a year 22 17.9 
Once or twice a month 32 26.0  Once or twice a month 34 27.6 
Once or twice a week 31 25.2  Once or twice a week 29 23.6 
More than twice a week 53 43.1  More than twice a week 32 26.0 
 123 100.0   123 100.0 
 
4.2 Scales reliability and descriptive statistics 
The table below presents an overview of the scales. For each scale the amount of items, 
minimum, maximum, mean, standard deviation and Cronbach’s Alpha is presented. The 
means of the items are used to construct the scales. 
By looking at the Cronbach’s Alpha value of a scale, it is possible to obtain from a scale if it is 
reliable or not. According to Baarde, De Goede, and van Dijkum (2007) a Cronbach’s Alpha 
of 0.6 for complex and 0.8 for simple scales should be the minimum. 
 
Table 20: Scale descriptive statistics and reliability 
Scale Items N Minimum Maximum Mean Standard 
Deviation 
Cronbach’s 
Alpha 
Firm performance 3 120 1.67 5.00 3.2264 0.62091 0.809 
Scope of Internal integration 6 123 1.50 4.67 3.1248 0.63537 0.770 
Supplier informational integration 4 124 1.00 4.67 2.5336 0.78698 0.784 
Supplier relational integration 4
a 
123 2.00 5.00 3.7879 0.60322 0.753 
Scope of supplier integration 6 123 1.50 4.67 3.8790 0.64795 0.792 
Supplier duration of integration 2 124 1.50 5.00 3.8790 1.02484 0.747 
Supplier depth of integration 2
 
124 1.50 5.00 3.0403 0.76932 0.473 
Customer informational integration 4 123 1.00 5.00 2.2825 0.77550 0.801 
Customer relational integration 4
a 
123 2.25 5.00 4.1768 0.65968 0.820 
Scope of customer integration 6 122 1.33 4.83 3.2363 0.68730 0.858 
Customer duration of integration 2 124 1.00 5.00 3.6250 0.99924 0.660 
Customer depth of integration 2
 
123 1.00 5.00 3.1545 092579 0.645 
 45       
a 
= Item 5 and 6 were deleted to get Cronbach’s Alpha from 0.663 and 0.753 to 0.709 and 0.820 
 
The Cronbach’s Alpha of supplier relational integration with 6 items was 0.663. By deleting 
item number 5 and 6 the Cronbach’s Alpha went to 0.753. A considerable improvement of 
the Cronbach’s Alpha, making it worth to lose two of the original six items. The same counts 
for the reliability of the customer relational integration scale. With six items, the Cronbach’s 
Alpha was 0.709, but with deleting item number 5 and 6 the Cronbach’s Alpha went to 0.820. 
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The Cronbach’s Alpha of 0.473 for supplier depth of integration is actually too low. A single 
construct may be a better option. However, due to the loss of information, we accept the low 
Conbrach’s Alpha for this construct. The mean value of supplier informational integration is 
with 2.5336 the lowest. Supplier relational integration has a mean of 3.7879. The highest 
average value with 4.1768 is for customer relational integration. 
 
4.3 Correlation analysis  
With the correlation matrix as illustrated in table 20, it is possible to see if there is any 
multicollinearity. Multicollinearity means that two variables correlate too much and therefore 
measure the same concept. Correlation coefficients that have a value higher than .8 or lower 
than -.8 are therefore insufficient. In the case of multicollinearity, deleting one of the two 
constructs is unavoidable.  
 
Table 21: Correlation matrix 
Scale 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 
1. Firm performance 1            
2. Scope of Internal integration .305
** 1           
3. Supplier informational integration .254
** .387** 1          
4. Supplier relational integration .059 .286
** .242** 1         
5. Scope of supplier integration .123 .379
** .551** .459** 1        
6. Supplier duration of integration .027 .068 -.048 .227
** .154* 1       
7. Supplier depth of integration .189
* .160* .146 .191* .251** -.087 1      
8. Customer informational integration .224
* .389** .503** .263** .602** .122 .283** 1     
9. Customer relational integration .046 .168
* -.060 .397** .163* .318** .216** .199* 1    
10. Scope of customer integration .281
** .452** .305** .301** .461** .083 .444** .556** .369** 1   
11. Customer duration of integration .065 .218
* .090 .134 .193* .465** .173* .211* .351** .239** 1  
12. Customer depth of integration .260
** .206* .301** .230** .209* .078 .521** .236** .242** .423** .319** 1 
** 
= Correlation is significant at the 0.01 level (1-tailed) 
* 
= Correlation is significant at the 0.05 level (1-tailed) 
     
 
The correlation matrix reveals several significant relationships. There is no correlation higher 
than .8 or lower than -.8. This means that no multicollinearity is found and that it is valid to 
use the scales for further analysis. 
 
Pallant (2005) determined the strength of the relationship between two variables as follows. If 
the correlation value ranges between .10 to .29 or between -.10 to -.29 there is small/low 
strength. Values ranging from .30 to .49 or -.30 to -.49 have a medium strength. There are a 
few large correlations (> .5) visible between the variables. Supplier informational integration 
and scope of supplier integration have a correlation of .551. Supplier information integration 
also correlated with customer informational integration with a correlation of .503. A 
correlation of .521 is visible between supplier depth of integration and customer depth of 
integration. The last large correlation is strangely enough the correlation between customer 
informational integration and scope of supplier integration with .602.  
 
4.4 Regression analyses  
Hypotheses H1a, H1d, H1e, H2c, H2d, H2e, H2f, H4a and H4b are the independent variables that 
according to the hypotheses should influence firm performance (the dependent variable). 
These hypotheses will be tested by the use of a stepwise multiple linear regression model in 
paragraph 4.4.1. In our model, there are four hypotheses (H1b, H1c, H2a and H2b) that have a 
different dependent variable. These hypotheses are tested with a linear regression in 
paragraph 4.4.2. 
 
4.4.1 Stepwise multiple linear regression analysis 
To see which SCI dimensions have a significant relation with firm performance, we used a 
stepwise multiple linear regression model. Every step of regression progress takes the most 
significant variable in the model until there are only variables with a P-value of >.050 (not 
significant) left. The significant variables directly influence firm performance.    
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The regression stops after executing two steps. In the first step, variable scope of internal 
integration was the most significant. In the second step, the variable customer depth of 
integration was the only significant variable left. The table below provides the results of the 
two significant variables in relation to firm performance. 
 
Table 22: Model 2 of the stepwise multiple linear regression 
Model 
Unstandardized Coefficients Standardized Coefficients   
B Std. Error B t Sig. 
(Constant) 1.942 .292  6.640 .000 
Scope of Internal Integration Construct .257 .083 .274 .083 .003 
Customer Depth of Integration 
Construct 
.149 .058 .229 .058 .011 
R
2
 = 0.152; F-value = 10.066; Sig of ANOVA = 0.000; n = 115    
 
The P-value of the scope of internal integration construct is .003. The P-value of the 
customer depth of integration construct lies at .011. Both P-value are below .050 and 
therefore positively influence firm performance. The R Square value of 0.152 means that 
15.2% of firm performance can be explained by the scope of internal integration and 
customer depth of integration construct. The condition Index has a maximum value of 
12.218. This value is under 15, meaning that that the two variables are independent enough. 
Hypothesis H1a, states that the scope of internal integration positively influences firm 
performance, and hypothesis H4b, assuming that customer depth of integration positively 
influences firm performance, are both supported.  
 
The excluded variables as presented in the table below mean that the hypotheses are not 
valid in this research context. Hypotheses H1d, H2c, H2e, H2f, H2d and H4b have a P-value 
higher than .050 and are therefore not significantly related with firm performance. A non-
significant relation between scope of customer integration and firm performance means 
support for H1e. With a P-value of .416 scope of customer integration does not significantly 
influence firm performance. 
 
Table 23: Excluded variables of the stepwise multiple linear regression 
Model 
   
Partial Correlation Beta in t Sig. 
2 Supplier Informational Integration Construct .063
c 
.628 .531 .060 
 Supplier Relational Integration Construct -.084
c 
-.904 .368 -.085 
 Scope of Supplier Integration Construct -.045
c 
-.470 .639 -.045 
 Supplier Depth of Integration Construct .008
c 
.075 .940 .007 
 Customer Informational Integration Construct .078
c 
.813 .418 .077 
 Customer Relational Integration Construct -.032
c 
-.349 .728 -.033 
 Scope of Customer Integration Construct .087
c 
.817 .416 .077 
c
 = Predictors in the Model: (Constant), Scope of Internal Integration Construct, Customer Depth of Integration Construct 
 
4.4.2 Standard linear regression analyses 
A linear regression model is used to see if there is a significant relationship between two 
constructs. The height of the significance for supporting or not supporting a hypotheses is set 
at 95% which means that the P-value cannot be higher than 0.05. 
 
4.4.2.1 Hypothesis H1b 
Hypothesis H1b state that scope of internal integration positively influences scope of supplier 
integration. As provided in the results below 14.4% of scope of internal integration positively 
influences scope of supplier integration, as the P-value is .000. 
 
Table 24: Linear regression of hypothesis H1b 
Model 
Unstandardized Coefficients Standardized Coefficients   
B Std. Error B t Sig. 
(Constant) 1.834 .275  6.679 .000 
Scope of Internal Integration Construct .387 .086 .379 4.488 .000 
R
2
 = 0.144; F-value = 20.141; Sig of ANOVA = 0.000; n = 122    
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4.4.2.2 Hypothesis H1c 
The assumption for hypothesis H1c is that the scope of internal integration positively 
influences the scope of customer integration. With the results presented below, there is 
support for this assumption. With a P-value of .000 and a R Square of .204, 20.4% of the 
scope of customer integration can be explained with the dimension scope of internal 
integration. 
 
Table 25: Linear regression of hypothesis H1c 
Model 
Unstandardized Coefficients Standardized Coefficients   
B Std. Error B t Sig. 
(Constant) 1.716 .279  6.147 .000 
Scope of Internal Integration Construct .484 .088 .452 5.528 .000 
R
2
 = 0.204; F-value = 30.564; Sig of ANOVA = 0.000; n = 121    
 
4.4.2.3 Hypothesis H2a 
That supplier informational integration positively influences supplier relational integration is 
the hypothesis of this paragraph. A significant relationship is visible, as the P-value is .007. 
5.9% of supplier relational integration is explainable with supplier informational integration. 
 
Table 26: Linear regression of hypothesis H2a 
Model 
Unstandardized Coefficients Standardized Coefficients   
B Std. Error B t Sig. 
(Constant) 3.319 .179  18.561 .000 
Supplier Informational Integration 
Construct 
.186 .068 .242 2.746 .007 
R
2
 = 0.059; F-value = 7.541; Sig of ANOVA = 0.007; n = 123    
 
4.4.2.4 Hypothesis H2b 
Similar to the previous paragraph, but now for the customer part, the assumption is here that 
customer informational integration has a positive influence on the customer relational 
integration. According to the results of the regression analyses as illustrated below this 
assumption is accepted. The P-value is with .028 below .050 and a R Square of .040, which 
means that 4% of customer relational integration is explainable by customer informational 
integration. 
 
Table 27: Linear regression of hypothesis H2b 
Model 
Unstandardized Coefficients Standardized Coefficients   
B Std. Error B t Sig. 
(Constant) 3.711 .219  16.914 .000 
Customer Informational Integration 
Construct 
.169 .076 .199 2.223 .028 
R
2
 = 0.040; F-value = 4.941; Sig of ANOVA = 0.028; n = 122    
 
4.5 Moderation analyses  
Supplier and customer duration of integration should have a moderating effect on the 
strength of integration dimensions in relationship with firm performance. Moderation analyses 
to test the moderation effect is the method to test these assumptions. Relevant scales were 
centralized into new scales (centralized scales) and the independent and moderating 
variable (Z) were multiplied with each other (product term). A significant coefficient of the 
product of X and Z indicates that a moderating effect is present. 
 
The product term provides a r of .118 meaning that a longer duration of supplier integration 
provides a higher relationship between supplier relational integration and firm performance. 
Unfortunately, the moderating effect is not significant, lacking support for hypothesis H3a.  
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Table 28: Moderation analysis for hypothesis H3a 
Model 
Unstandardized Coefficients Standardized Coefficients   
B Std. Error B t Sig. 
(Constant) 3.196 .057  55.765 .000 
Centralized scale of Supplier 
Relational Integration 
.084 .097 .084 .865 .389 
Centralized scale of Supplier Duration 
of Integration 
.014 .057 .024 .246 .806 
Supplier Relational Integration * 
Supplier Duration of Integration 
(Product term) 
.118 .081 .138 1.456 .148 
R
2
 = 0.022; F-value = 0.846; Sig of ANOVA = 0.472; n = 119    
 
The coefficient of the below presented product term for hypothesis H3b is negative (-.044) and 
not significant (.595). Hypothesis H3b is invalid. 
 
Table 29: Moderation analysis for hypothesis H3b 
Model 
Unstandardized Coefficients Standardized Coefficients   
B Std. Error B t Sig. 
(Constant) 3.245 .059  54.871 .000 
Centralized scale of Customer 
Relational Integration 
.020 .091 .022 .220 .826 
Centralized scale of Customer 
Duration of Integration 
.051 .063 .080 .810 .420 
Customer Relational Integration * 
Customer Duration of Integration 
(Product term) 
-.044 .082 -.050 -.533 .595 
R
2
 = 0.011; F-value = 0.425; Sig of ANOVA = 0.735; n = 119    
 
The table below presents the moderation analysis for hypothesis H3c. This hypothesis 
describes that supplier duration of integration has a negative moderating effect of the relation 
between customer informational integration and firm performance. The regression coefficient 
is positive (.100) and not significant (.147). Support for hypotheses H3c is missing 
 
Table 30: Moderation analysis for hypotheses H3c 
Model 
Unstandardized Coefficients Standardized Coefficients   
B Std. Error B t Sig. 
(Constant) 3.229 .055  58.610 .000 
Centralized scale of Supplier 
Informational Integration 
.195 .071 .245 2.745 .007 
Centralized scale of Supplier Duration 
of Integration 
.027 .055 .045 .500 .618 
Supplier Informational Integration * 
Supplier Duration of Integration 
(Product term) 
.100 .068 .130 1.459 .147 
R
2
 = 0.083; F-value = 3.507; Sig of ANOVA = 0.018; n = 120    
 
Hypothesis H3d states that customer duration of integration negatively moderates customer 
informational integration in relation to firm performance. The results presented below make 
clear that there is a negative moderating effect as the regression coefficient is -.044. With a 
value of .595 for the significant level, we cannot find support for the hypothesis. 
 
Table 31: Moderation analysis for hypothesis H3d 
Model 
Unstandardized Coefficients Standardized Coefficients   
B Std. Error B t Sig. 
(Constant) 3.245 .059  54.871 .000 
Centralized scale of Customer 
Informational Integration 
.020 .091 .022 .220 .826 
Centralized scale of Customer 
Duration of Integration 
.051 .063 .080 .810 .420 
Customer Informational Integration * 
Customer Duration of Integration 
(Product term) 
-.044 .082 -.050 -.533 .595 
R
2
 = 0.060; F-value = 2.445; Sig of ANOVA = 0.067; n = 119    
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Hypotheses H3a to H3d have no support, as there is no sufficient prove for the moderating 
effect of the duration of integration SCI-dimensions in relation to the strength of integration 
dimension with firm performance. 
 
4.6 Hypotheses overview 
The table below provides an overview of the hypotheses and the main outcomes of the 
statistical analyses. Seven out of the seventeen hypotheses have support. For the other 
hypotheses, there is no support and further research is required. 
  
Table 32: Hypotheses overview 
Hypothesis 
Pearson 
correlation 
Sig (1-
tailed) Correlation? R Square Sig. 
Hypothesis supported 
or not supported 
H1a .305 .001 Yes .152
a 
.003 Supported 
H1b .379 .000 Yes .144 .000 Supported 
H1c .452 .000 Yes .204 .000 Supported 
H1d .123 .184 No - .639 Not Supported 
H1e .281 .002 Yes - .416 Supported
b
 
H2a .242 .007 Yes .059 .007 Supported 
H2b .199 .028 Yes .040 .028 Supported 
H2c .254 .005 Yes - .531 Not Supported 
H2d .224 .014 Yes - .418 Not Supported 
H2e .059 .527 No - .368 Not Supported 
H2f .046 .620 No - .728 Not Supported 
H3a - - - .022 .472 Not Supported 
H3b - - - .011 .735 Not Supported 
H3c - - - .083 .018 Not Supported
c 
H3d - - - .060 .067 Not Supported 
H4a .189 .038 Yes - .940 Not Supported 
H4b .260 .004 Yes .153
a 
.011 Supported 
a
 = R Square from two variables.  
b
 = A non-significant relation was expected in the hypothesis. 
c
 = A negative relation was expected in the hypothesis. 
 
The figure below illustrates the empirically validated model. Supported hypotheses are 
highlighted in bold red. Hypotheses with no support are presented in gray. 
 
  
Figure 6: Empirically validated model  
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5 Conclusion, discussion and recommendations 
Section 5.1 contains the main conclusions. The next section is the discussion, including the 
researcher’s interpretation of the results. This section makes a bridge between the results 
and the literature found in the beginning of the research. Section 5.3 contains 
recommendations for people working in project-based construction industry. The last section 
provides recommendations to academics who will continue to do research in the project-
based SCI field. 
 
5.1 Conclusions 
There is a need of SCI research in project-based industries with an industry specific concept 
of SCI. This industry specific concept is translated by adding the SCI dimensions depth and 
duration to the more known SCI dimensions scope and depth. The aim of this study is to gain 
insight and knowledge about the impact of integration dimensions on firm performance in 
buyer-supplier relationships and what the interdependencies are between these dimensions. 
What are the interdependencies between SCI dimensions (i.e. strength, scope, duration and 
depth) and what is the impact of these dimensions on firm performance is the problem 
statement of this study. 
 
Despite the fact that there is no support for most of the hypotheses, it is still possible to draw 
some conclusions. Conclusions concerning the interdependencies come first. This paragraph 
ends with conclusions of the SCI dimensions in relation to firm performance. 
 
The literature review revealed that there are four interdependencies between the SCI 
dimensions. Both the dimensions scope of supplier integration and scope of customer 
integration partly explains the level of scope of internal integration. This means that the 
higher the level of integration within the focal company, the higher the level of integration 
between the focal company and its suppliers and customers.  
Both from the supplier and from customer part, the results in the previous section 
demonstrates that relational integration can partly be explained with the level of informational 
integration. This means that integration at a relational level of a focal company with suppliers 
and customer first needs to undergo integration at the informational level.  
 
The scope of internal integration dimension has an impact on firm performance. The higher 
the level of internal integration, the higher the level of firm performance. Customer depth of 
integration is the second and last SCI dimension that has an impact on firm performance 
measured as a financial construct. This means that the performance of the focal company 
will increase if there are people from multiple hierarchical levels involved in the integration 
activities with customers. 
 
5.2 Discussion 
This research has helped with decreasing two gaps in the SCI body of knowledge. 
Suggested by Eriksson (2015) the dimensions depth and duration were hereby for the first 
time statistically tested in a SCI study. Additionally, the construction industry, as a project-
based industry (in contrast to widely studied process-based manufacturing industry) is the 
subject of this study. 
 
A comparison between the theoretical expectations in the form of hypotheses and the 
empirical results in the form of statistical evaluations are the subject of this section. In other 
words, we will discuss the differences between section two (literature review) and section 
four (results).  
 
There are several hypotheses, without support, where further researcher is needed. The 
variables in the correlation matrix of four hypotheses, reveal significant correlation but no 
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causality. This means that that there is some form of association between the variables, but 
no significant direct relationship where one is significantly explaining the other. 
 
Scope of supplier integration is not correlated to or significantly positively influencing firm 
performance. Leuschner et al. (2013) found a weak, but significant correlation between 
supplier integration and firm performance. Others research is missing. It may be the case 
that the scope of supplier integration is positively related to operational performance as other 
researchers already demonstrated (Cousins & Menguc, 2006; Frohlich & Westbrook, 2001; 
Lau et al., 2010). Another possibility is that the scope of integration on the external side 
should not be investigated as the other dimensions are broken down in a supplier and 
customer part. Altought this is not in accordance with the majority of the know SCI research, 
this study demonstrated that breaking down the other SCI dimensions on a supplier and 
customer part (i.e. external integration) shows significantly different results. This may also 
additionally be a reason why there is no significant link between the scope of supplier and 
customer integration with firm performance in this and other studies.  
 
Both informational integration dimensions (on the supplier and customer side) significantly 
correlate with firm performance. This is exactly in line with the results of Wong et al. (2015) 
and Leuschner et al. (2013) and illustrates that the construction industry is no different than 
the manufacturing industry. Unlike other authors we are not saying that supplier and 
customer informational integration improves firm performance as a financial construct. It may 
well be that customer informational integration improves firm performance messured as 
relational performance, also known as customer-oriented performance (Leuschner et al., 
2013). Another possible explanation can be that the amount of integration between a focal 
company, suppliers and customers is not yet visible, because integrated contract forms and 
management focus on SCI and SCM in the construction industry just recently appeared 
(Jacobsson & Wilson, 2014). 
Supplier and customer relational integration, do in comparison to the above-described 
strength SCI dimensions, not correlate with firm performance, as the P-values are too high. 
Even if the variables would significantly correlate, the correlation values of .056 and .046 are 
on the low side. That relational integration does not significantly influence firm performance is 
not in consonance with the existing body of knowledge. Several studies in the manufacturing 
industry demonstrated that these constructs significantly correlate with each other (He & Lai, 
2012; Johnson, 1999; Leuschner et al., 2013; Mackelprang et al., 2014; Swink et al., 2007). 
Our results are different from the past literature and it could be that the contracts of the 
project based construction industry itself are the cause of our findings. Although there is a 
change visible, as most contracts require more integration, it is still the case that many of the 
contract-forms do not push contractors towards integration with their clients and suppliers. 
The construction industry is a very stuck and inflexible industry; change is coming slowly. 
Even though some companies have seen the urgency to invest in SCM and SCI, not all 
companies have. Another possibility is that relational integration has taken so much effort 
from a project organization that the financial outcome is simply not visible. As described in 
section 2.1 every project is unique and different people are working at each project. Every 
project has a different network of stakeholders. Every project is complex and uncertain. 
Every project is temporary. Especially the temporary character means that integration 
activities dedicated to the people in a lower hierarchy (depth) have to be established for 
every project again. This is different for the process based manufacturing industry where the 
people that perform the integration activaties at all hierarchical levels are commonly the 
same people. 
 
Both supplier duration of integration and customer duration of integration do not have any 
moderating effect on firm performance. We also added the dimensions in a separate 
stepwise regression with the SCI dimensions and firm performance. Like previous research, 
there was no significant causality. This leaves us with the results that the duration of 
integration does not help with increasing firm performance and does not act as a moderator 
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in a strategical / relational environment. However, supplier duration of integration acts as a 
significant moderator on the relation of supplier informational integration and firm 
performance. The expectation was exactly the opposite, a negative moderation. The similar 
situation is visible on the customer side with a P-value of .067 and therefore a probability of 
93.3% that customer depth of integration works as a moderator between customer 
informational integration and firm performance.  
These results are surprising. In the situation where a positive moderation was expected there 
was no effect and where a negative effect was expected there is a moderating effect. This 
means that relationships with the lowest strength (informational integration) financially benefit 
if the relationship is longer. Relationships with the highest strength (relational integration) and 
with a long duration do not improve firm performance as a financial construct. It could well be 
that the advantages of a relational relationship are only visible by measuring firm 
performance as relational performance.  
 
Supplier depth of integration significantly correlates with firm performance. Causality is in 
comparison to customer depth of integration not found. Both SCI dimensions correlate with 
firm performance. This is useful information as the literature support for hypotheses H4a and 
H4b is scarce. Only the study of H. Chen et al. (2007) found that depth of integration 
described as firm-wide cross-functional integration positively correlates with firm 
performance. A possible reason for the non-causality between supplier depth of integration 
and firm performance could have something to do with the pull and push mechanisms. The 
construction industry is a pull industry. A main contractor tries to win a contract from a client 
by competing with other contractors in a tendering process. When a contract is granted to a 
contractor, the project starts, but this does not mean that everything is clear or that all the 
risks are known and mitigated. If the project manager is the only person who has contact with 
the client, he is the person that needs to manage the contractual uncertainties. He needs to 
manage the network of stakeholders. He needs to talk about every detail, all bits and pieces. 
In a small project of a few thousand euros, this may be the best solution. However, for a 
project of several million euros, with a duration of several years and multiple technical 
disciplines involved, this is unmanageable. Every discipline specialist should be in contact 
with the clients discipline specialist. Contractual issues should be cleared between contract 
managers. Site supervisors must integrate with the client’s counterparties. By doing so more 
people at different hierarchical levels understand the problems and requirements of the client 
and can better fulfill the needs of the client. The contractor can work more efficiently, save 
money and improve firm performance. A higher depth of integration with the client improves 
the firm performance, but a higher supplier depth of integration does not.  
If a contractor has won a contract, suppliers try to win a part of this contract. If a contractor is 
integrating with a supplier, this means that more money is being spend. This should not be a 
problem as the same principles as with the client are applicable. However, this is not in all 
situations the case. Smaller parts of the project are being subcontracted to subcontractors 
and materials of the projects are bought from vendors. It could be that all hierarchical levels 
are needed to subcontract or purchase key suppliers. For key customers all hierarchical 
levels are needed, for key supplier maybe not all. 
The information from paragraph 4.1 presents that the 124 respondents have increased 
contact with customers in comparison with suppliers and that they work more often with 
information from customers (compared to that of suppliers). It could be possible that they do 
this because there is more money to make if they focus on the customer. 
 
5.3 Recommendation for practitioners 
The results of this study demonstrates that practitioners in the construction industry should 
focus on internal integration activities to increase the performance of their firm. It is important 
that companies avoid internal barriers between departments, projects or other structures. 
Connecting people, processes and activities will, in the end increase, the financial health of a 
company. By integrating internally, integration with suppliers and customers is possible. Just 
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as in the familiar sentence, you first need to love yourself before you can love someone else, 
company’s first need to integrate internally before they can integrate with external 
companies.  
 
Practitioners should also understand that integration goes in steps. Companies first need to 
integrate on an informational level and then on a relational basis. Integration cannot 
immediately be relational or strategical. Companies first need to know each other, exchange 
information, buy a sample, go throw a prequalification or pass a quality check before the 
relationship can go on to a higher level. 
 
This research illustrates that people from all hierarchical levels should be involved in the 
integration activities and especially for integration with clients. It should not only be the 
project managers who has contact with the client. It should also not be that only construction 
managers integrate with subcontractors. People from all hierarchical levels freely need to 
communicate and integrate with their counterparties because at the end it will improve the 
performance of their company. 
 
The last recommendation is that SCI cannot be avoided in the construction industry. From 
the one hand, customers encourage integration with the use of integrated contract-forms and 
on the other hand, contractors can have a substantial performance boost by incorporating 
SCI practices.  
 
5.4 Recommendation for further research 
As with any study, some limitation lead to recommendations for further research. This is the 
first SCI research in the project-based construction industry including quantitative analyses of 
the SCI dimensions depth and duration. We therefore at first encourage academics to 
investigate SCI dimensions in the construction industry in general. The difference between 
process based and project based research is just too large.  
 
The results show that breaking down the strength, depth and duration of integration based on 
a supplier and customer part provides interesting details. We therefore encourage scholars 
to continue with this approach, as relationships with customers and supplier are different. 
 
We did not make a difference between subcontractors or vendors in this study. Arantes et al. 
(2015) state that the relationship with subcontractors and vendors are different.  
It could therefore be an interesting idea to investigate how the SCI dimensions and firm 
performance react to further separation on the supplier side of the supply chain.  
 
Due to the nature and characteristics of projects, every project is like setting up a new 
company. It would therefore be interesting to see how the SCI dimensions act in a research 
with a real project focus. Now we have interviewed people working in different projects 
asking their opinion about key suppliers and key customers. We asked the respondents their 
opinion of performance of the firm, not of the projects. However, a construction company 
does only do projects. The sum of the project performances is the performance of the firm. 
Additionally, we cannot say which projects have a high performance and which have not. It 
would also be interesting to see how the SCI dimensions response to typical high 
performance and typical low performance projects. 
 
We furthermore have to state that due to the size of our questionnaire it was not possible to 
investigate the effect of the SCI dimensions of other types of firm performance. As already 
stated in the discussion it could well be that certain SCI dimensions will offer significant 
results if other scholars will add operational and relational performance next to business 
(financial) performance. 
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Some other interesting information that is missing is this research lies in the control variables 
of this study. It could for example be interesting to see how much (percent) of the contract-
forms are integrated contracts and how much are normal contract contracts. In addition, the 
opinion of respondents regarding the focus of the company on SCI or would be interesting. It 
could well be that some respondents only work on projects with integrated contract-forms 
and others only on conventional projects. Professionals working for companies with a high 
focus on SCI will response different on questions compared to those who have no idea what 
SCI is. Both of these aspects influences their opinion in the questionnaire and may provide 
false results how the SCI dimensions interact with each other.  
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Question 1 In which country do you work / do you work the most? 
     
  
  
    
  
Introduction to question 2: The next question asks at which hierarchical level 
you work. You can choose between one of the following three levels; 
operational, tactical or strategical.  
- The operational level of a company is at the bottom of the totem pole. People 
that work here do day to day routine tasks which are carried out with a high 
level of detail. Employees working here are blue collar workers, engineers, 
supervisors, work package managers, team leaders, et cetera. The work of this 
level is described in procedures and work-instructions. 
- The tactical level of a company is the level of department heads, project 
managers, et cetera. The people working at a tactical level translate strategic 
plans at business level to tactical plans for their own project, department, et 
cetera. People working at the tactical level have the responsibility of and need 
to manage the operational level, but they do need to fulfil their part of the 
strategic plans. 
- The strategical level is the top of the totem pole. At this level employees 
create strategical plans for a business. Strategical plans paint a picture of the 
desired future and include long-term goals. Strategical plans look ahead to 
where an organization wants to be in three, five or even ten years. Employees 
working at this level are members of the executive board, CEO's, presidents, et 
cetera.  
    
  
  
Operationa
l 
Tactical Strategical 
 
  
Question 2 At which hierarchical level do you work within your company? 
       
  
  
    
  
  
1 - 49 50 - 99 100 - 499 500 - 999 
1000 - 
4999 
> 5000 
Question 3 How much employees work within your company? 
          
  
  
    
  
  
Never 
Once or 
twice a 
year 
Once or 
twice a 
month 
Once or 
twice a 
week 
More than 
twice a 
week 
 
Question 4 How often do you work with information from suppliers? 
        
  
 
Question 5 How often do you work with information from customers? 
        
  
 
Question 6 How often do you have contact with suppliers? 
        
  
 
Question 7 How often do you have contact with customers? 
        
  
 
  
    
  
  
    
  
  
Please evaluate your company’s performance in the following 
areas relative to your primary/key competitor 
Much 
worse 
Worse 
About the 
same 
Better 
Much 
better  
Question 8 Growth in sales, revenue or turnover           
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Question 9 Growth in profit           
 
Question 10 Growth in market share           
 
        
        
 
Please indicate the degree of integration in the following areas 
Not at all Low Neutral Very Extensive 
 
Question 11 Data integration among internal departments           
 
Introduction to question 12: An ERP or enterprise application is an IT-system 
/ software used for core business processes. It gives real-time information by 
using a database management system. This software can be used for all sorts 
of processes. It is mostly used but limited by the processes of procurement, 
human resource, accounting, sales, controlling, et cetera.           
 
Question 12 
Enterprise application (SAP, Navision, etc.) integration among 
internal departments           
 
Introduction to question 13: A resource capacity system is a system that 
helps organizations to plan their resources. Resources can be labour, materials, 
money, activities, et cetera. Resource planning can be done with programs like 
Microsoft projects (MSPS / timesheet), Primavera P6 or inbuilt applications of 
ERP systems like Navision or SAP. The goal of a resource planning is to get an 
overview of the actual status and make a proper forecast to support business 
and project objectives.           
 
Question 13 Integrative resource capacity management           
 
Question 14 
The utilization of periodic interdepartmental meetings among 
internal departments           
 
Introduction to question 15: A cross functional team is a group of people with 
different functional expertise working towards a common goal. The team 
includes people from different departments optionally working at different levels 
of an organization.           
 
Question 15 
The use of cross functional teams in business process 
improvement           
 
Question 16 The use of cross functional teams in R&D projects           
 
        
        
 
To what extent does your organization integrate/coordinate 
activities with your key suppliers? 
Not at all Low Neutral Very Extensive 
 
Question 17 Share sales forecasts           
 
Question 18 Share resource capacity planning           
 
Question 19 Share technological information           
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Question 20 Share marketing information           
 
        
  
Completely 
disagree 
Disagree 
Nor agree, 
nor 
disagree 
Agree 
Completely 
agree  
Question 21 
Our firm’s long-term strategy depends on maintaining a good, 
healthy relationship with our key suppliers           
 
Question 22 
It is very important for our organization to maintain the 
relationship with our key suppliers           
 
Question 23 
A strong cooperative relationship must be maintained between 
our firm and our key suppliers for us to remain competitive in 
our industry           
 
Question 24 
When developing our firm’s strategy, we consider our key 
suppliers as a large part of picture           
 
Question 25 
We do not think about our own firm’s long-term strategy when 
we make plans with our key suppliers             
 
Question 26 
If our key suppliers went out of business, our firm would 
immediately have to change our competitive strategy           
 
        
 
Please indicate the extent of integration or information sharing 
between your organization and your key suppliers in the 
following areas 
Not at all Low Neutral Very Extensive 
 
Question 27 
The level of information exchange with our key suppliers 
through information networks           
 
Question 28 The level of strategic partnership with our key suppliers           
 
Question 29 Stable procurement through network with our key suppliers           
 
Question 30 
The participation level of our key suppliers in the process of 
engineering, procurement and construction           
 
Question 31 Our key suppliers shares their production schedule with us           
 
Question 32 
We help our key suppliers to improve its process to better meet 
our needs           
 
 
  
      
 
  
< 1 year 1-4 years 4-7 years 7-10 years > 10 years 
 
Question 33 
What is the average length that your company worked with key 
suppliers?           
 
 
            
 
 
  
1 1-4 4-7 7-10 > 10 
 
Question 34 
What is the amount of projects that your company worked with 
key suppliers?           
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Completely 
disagree 
Disagree 
Nor agree, 
nor 
disagree 
Agree 
Completely 
agree  
Question 35 
Employees from operational, tactical and strategical level are 
involved in integration activities with our key suppliers           
 
Question 36 
Integration activities with our key suppliers are only done at one 
hierarchical level            
 
        
        
 
To what extent does your organization integrate/coordinate 
activities with your key customers? 
Not at all Low Neutral Very Extensive 
 
Question 37 Share sales forecasts           
 
Question 38 Share resource capacity planning           
 
Question 39 Share technological information           
 
Question 40 Share marketing information           
 
        
  
Completely 
disagree 
Disagree 
Nor agree, 
nor 
disagree 
Agree 
Completely 
agree  
Question 41 
Our firm’s long-term strategy depends on maintaining a good, 
healthy relationship with our key customers           
 
Question 42 
It is very important for our organization to maintain the 
relationship with our key customers           
 
Question 43 
A strong cooperative relationship must be maintained between 
our firm and our key customers for us to remain competitive in 
our industry           
 
Question 44 
When developing our firm’s strategy, we consider our key 
customers as a large part of picture           
 
Question 45 
We do not think about our own firm’s long-term strategy when 
we make plans with our key customers            
 
Question 46 
If our key customers went out of business, our firm would 
immediately have to change our competitive strategy           
 
        
 
Please indicate the extent of integration or information sharing 
between your organization and your key customers in the 
following areas  
Not at all Low Neutral Very Extensive 
 
Question 47 
The level of linkage with our key customers through information 
networks           
 
Question 48 
The level of sharing of market information from our key 
customers           
 
Question 49 The level of communication with our key customers           
 
Question 50 Follow-up with our key customers for feedback           
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Question 51 The frequency of period contacts with our key customers           
 
Question 52 
Our key customers shares investment information with us and 
we are involved in the tendering/proposal phase of new 
projects.           
 
        
 
  < 1 year 1-4 years 4-7 years 7-10 years > 10 years 
 
Question 53 
What is the average length that your company worked with key 
customers?           
 
  
          
 
  
1 1-4 4-7 7-10 > 10 
 
Question 54 
What is the amount of projects that your company worked with 
key customers?           
 
        
  
Completely 
disagree 
Disagree 
Nor agree, 
nor 
disagree 
Agree 
Completely 
agree  
Question 55 
Employees from operational, tactical and strategical level are 
involved in integration activities with our key customers           
 
Question 56 
Integration activities with our key customers are only done at 
one hierarchical level            
  
 
 
 
 
